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SUMMARY
Rheological characterization of pharmaceutical semisolids is of importance as it provides
fundamental information required for the assessment of some of the final properties of a
product such as viscosity, elasticity, quality and storage stability. The effect of formulation
variables on product characteristics such as consistency and correlation of consumer
evaluation of consistency can also be attained. (Ramachandran et al., 1999) This study
focussed on using rheological techniques to fully characterize the properties of various
semisolid formulations being developed or produced at a South African-based generic
pharmaceutical company.
Various tests were employed to characterize the semisolid dosage forms (creams and
ointments), including continuous shear tests such as flow and viscosity curves and yield
point measurements, oscillatory tests such as amplitude and frequency sweeps, as well as
step and temperature ramp tests. A method to determine justifiable and meaningful
viscosity specifications was developed, where excellent reproducibility of results were
obtained when compared to the single-point viscosity determinations usually used. An
evaluation as to whether rheology can be utilized as an assessment tool for product stability
revealed varying results, with the oscillation-frequency sweep test displaying modest
predictive capabilities. Observable differences in rheological character were found when
evaluating ointment formulations exhibiting deviating quality characteristics. When
analysing the effect of varying processing parameters, namely, cooling rate and mixing
speed, during the manufacture of a cream, statistically significant rheological differences
were obtained, while a thorough characterization of a scale-up procedure was also achieved
upon analysis of various rheological properties.
KEY WORDS: continuous shear, oscillatory, pharmaceutical semisolids, processing,
quality, rheology, scale-up, specification, storage stability, viscosity
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CHAPTER 1
INTRODUCTION
Rheology can be defined as the study of flow or deformation under stress (Wood, 1986),
embracing elasticity, viscosity and plasticity of matter. Viscosity, in turn, may simply be
described as the resistance of a fluid to flow or movement (Marriott, 2002).
Pharmaceutical materials range in consistency from fluid to solid properties. Semisolid
products such as creams, ointments, gels and pastes are the most difficult to characterize
rheologically because they combine both liquid and solid properties within the same
material. (Herh et al., 1998) These complex dispersions are subjected to a wide range of
stresses, strains and strain rates during their lifetime, from their preparation and packaging
to their processing, transport, storage and use (Eccleston, 2001).
Historically, most testing on viscosity has been done by a single-point measurement, that is,
testing the fluid viscosity under only one condition of shear or averaged shear (Brookfield,
1999). In most quality control operations, a single-point viscosity measurement is taken to
verify that the material is within specification (McGregor, 1999). The attitude towards
quality control on viscosity was not to really question how viscosity varied with flow or to
pinpoint critical control points (shear rates) and measure at those values. Instead,
companies would define a simple, straight-forward, single-point test that checked the fluid
viscosity at one flow rate or force level and assume that variations at that test point were
representative of variations at all test points. (Brookfield, 1999) This methodology has been
handed down over time in the laboratory. Unfortunately, the procedure may no longer
reflect the realities of processing the material or the way in which the consumers would use
the material (McGregor, 1999), because different types of materials can display a
Introduction
- 2 -
variety of flow behaviour, namely pseudoplastic, plastic, dilatant and Newtonian flow.
Semisolids fall into the category of non-Newtonian fluids, where there is no consistent
relationship between shear stress and shear rate of the material, and the viscosity of the
material will change as the shear rate is varied. This differs from a Newtonian fluid where
viscosity remains constant as the rate is varied at any specific temperature. Thus single-
point viscosity determinations can be utilised in Newtonian fluids but not in non-
Newtonian materials (Marriott, 2002). As opposed to simple single-point viscosity
determinations, rheological measurement techniques for pharmaceutical preparations are an
important route to revealing the flow and deformation behaviour of a material and thus
gaining a fundamental understanding of the nature of the system (Herh et al., 1998).
Generating enough test points to be certain that the fluid viscosity is correct at all the
critical points of usage is a necessity now and is becoming the requirement by progressive
industries for all viscosity quality control needs (Brookfield, 1999).
Another reason for the measurement of rheological properties can be found in the area of
quality control, where manufactured products must be consistent from batch to batch.
Inconsistencies in the quality of liquid and semisolid excipients may also have an impact on
the rheological stability and physical properties of semisolid dosage forms. For this
purpose, flow behaviour can be an indirect measure of product consistency and quality.
Scale-up and processing variables can further influence the physical properties of
semisolids, thus understanding the changes in rheological properties of the product may
assist in overcoming these problems. Rheology can help improve efficiency in processing
and can help formulators and end-users find pharmaceutical products that are optimal for
their individual needs (Herh et al., 1998). A direct assessment of processability, for
example, manufacturing processes such as mixing, pumping, packaging and filling, can
also be evaluated in terms of quality control using rheometry (More Solutions to Sticky
Problems, 1999).
The effects of different parameters such as formulation, storage time and temperature of
pharmaceutical preparations can also be studied (Herh et al., 1998). In creams and
emulsions, varying the concentration of the disperse phase or the nature and concentration
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of the emulsifying agent can also affect the rheological behaviour of the product (Lund,
1994), while increased time and temperature of storage may affect the stability of the
product. Rheological research can help development chemists make reliable predictions
about the stability of a new formulation at an early stage (Kutschmann, 2003). From a
consumer point of view, rheological measurements can help tailor flow properties to help
fulfil customers’ practical and aesthetic requirements of the product (Holland, 1991).
This study therefore aims at determining how the application of rheological measurements
(performed using a rheometer as shown in Figure 1.1) can be used in the characterization of
semisolid dosage forms, namely, cream and ointment formulations. This will include an
assessment of stability and quality of the products, as well as the acceptability and validity
of viscosity specifications in formulation, production and scale-up procedures. Various
objectives are to be achieved, including the development of a method for establishing
meaningful viscosity specifications for cream formulations, as well as determining whether
viscosity specifications currently in use in industry are appropriate for ensuring adequate
stability and quality control. In addition, an evaluation as to whether rheological techniques
can be employed as tools for evaluating semisolid stability will be undertaken by assessing
physical properties, such as phase separation and the likelihood of cracking, as well as
thickening and thinning upon storage, at temperatures ranging from 25°C to 60°C. An
investigation into the use of rheological techniques in the characterization of excipients that
influence the stability and physical properties of a semisolid dosage form will be
performed, thus employing rheology as a quality control tool within the pharmaceutical
manufacturing environment. The use of rheological techniques in refining scale-up
procedures in use, including the assessment of critical processing parameters such as
cooling rate and mixing speed utilised during the manufacture of semisolid products shall
also be explored.
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Figure 1.1: Example of an air-bearing ThermoHaake RheoStress 1 Controlled Stress / Controlled
Rate Rheometer (Karlsruhe, Germany) employing a Peltier Thermocontroller System used for
rheological measurements in this study.
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CHAPTER 2
FUNDAMENTALS OF RHEOLOGY
2.1  Historical Development of Rheology
The study of rheology can be dated to as far back as 1594 when Galileo Galilei performed
practical experiments on liquids and solids and proposed a theory on the elastic behaviour
of solids to describe, for example, the bending of beams. Continuing this line of work, in
1676, Robert Hooke performed tests on wires, springs and beams and recognized that the
deformation of solids is proportional to the acting force, bringing about his “Elasticity
Law”. Later that century (1687), Isaac Newton recognized that the flow resistance of
liquids is proportional to the flow velocity. He named that proportionality factor as “lack of
slipperiness”, meaning the resistance due to the internal friction, which today is referred to
as viscosity. Studies continued and in 1866, James Clerk Maxwell described “elastic
relaxation forces” and the relaxation behaviour of liquids. He later developed the Maxwell
Model for viscoelastic liquids. In 1890, William Thomson-Kelvin and Woldemar Voigt
described the behaviour of viscoelastic solids and published studies on these materials
respectively. They in turn brought about the Kelvin / Voigt Model describing viscoelastic
solid behaviour. In the early 20th century, another type of rheological behaviour became
popular when Peterfi coined the term “thixotropy”, literally meaning change due to touch or
motion. (Mezger, 2002)
Various types of instrumentation and measuring geometries with which to evaluate
rheological properties were also being developed. Couette designed a rotational apparatus
with a speed-controlled outer cylinder and a concentric narrow gap, with the torque being
measured at the inner cylinder. This became the first “drag-flow” viscometer. Later, G.F.C.
Searle designed a rotational viscometer with a rotating concentric inner cylinder. In 1934,
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M. Mooney presented the “Shearing-Disk Viscometer” with a parallel plate measuring
system and later collaborated with R.H. Ewart to use a cone-plate measuring system for the
first time. The preceding year saw Fritz Höppler develop the “Falling-Ball Viscometer”,
which has been used commercially since then. Afterwards, in 1945, the company
Brookfield, Stoughton / Massachusetts (USA), began the serial production and commercial
sale of rotational viscometers with controlled speed on two step tests. Future improvements
saw Weissenberg present the “Rheogoniometer R1”in 1951, with controlled strain or speed
for rotational and oscillatory tests, an air-bearing, a normal force sensor, cone-plate
measuring systems and a rotating outer geometry. This instrument can be regarded as the
first rheometer. Three years later, the Ferranti-Shirley viscometer was developed as a cone-
plate measuring system running at a constant speed, with a spiral spring as the torque
sensor, and an electric sensor to ensure contact between the cone and the bottom plate. In
1968, J.J. Deer presented the Controlled Stress (CS) Rheometer for controlled shear stress
tests, with an air-bearinged pneumatic air turbine and drive (Barnes et al., 2003).
In the past 20 years, digital control of instruments, analysis and storage of test data using
computers and software has occurred. This has extended the testing and analysis options
enormously. Rheometers used in product development of formulation laboratories have
become more versatile and modular instruments can generate rheological data while
probing the bulk properties of a material. Since it is essential to fully understand the
structure performance relationship in product formulation, the rheometer can act as a basic
test station that, in conjunction with other physical test methods, becomes a sophisticated
platform for material analysis. (Franck, 2002, Mezger, 2002)
2.2  Classification of Flow Behaviour
Rheology is the flow or deformation of matter under stress (Wood, 1986) and describes the
relationship between force, deformation and time, embracing elasticity, viscosity and
plasticity of matter. Viscosity can be defined as the resistance of a fluid to flow or
movement (Marriott, 2002). Viscosity can also be considered as a measure of the internal
friction of a fluid, and this friction becomes apparent when a layer of fluid is made to move
in relation to another layer. The greater the friction, the greater the amount of force required
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causing this movement, which is called “shear”. Shearing occurs whenever the fluid is
physically moved or distributed, as in pouring, spreading, spraying and mixing. Highly
viscous fluids therefore require more force to move than less viscous materials. (More
Solutions to Sticky Problems, 1999)
When classifying materials according to the types of flow and deformation, it is customary
to place them in one of two categories: Newtonian or non-Newtonian. The choice depends
on whether or not their flow properties are in accord with Newton’s law of flow.
2.2.1  Newtonian Fluids
A Newtonian fluid is one in which a direct proportionality exists between shear stress and
shear rate, for all values of shear (Wood, 1986). Figures 2.1 and 2.2 show the relationship
between shear stress and shear rate (flow curve) and viscosity versus shear rate (viscosity
curve) for a Newtonian fluid.
Figure 2.1: Flow curve of a Newtonian fluid showing a direct proportionality between shear rate
and shear stress.
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Figure 2.2: Viscosity curve of a Newtonian fluid displaying a constant viscosity with increasing
rate of shear.
It can therefore be seen that the viscosity of a Newtonian fluid remains constant as the rate
is varied. However, viscosity is dependent on temperature and any viscosity determination
should be reported together with the temperature at which it was taken.
The behaviour of Newtonian fluids in experiments conducted at constant time and pressure
has the following features: the rate of flow is directly proportional to the stress applied, the
constant of proportionality being called the viscosity (Lund, 1994); the viscosity is constant
with respect to the time of shearing and the stress in the liquid falls to zero immediately
after the shearing is stopped (Habdas, 2002). A liquid showing any deviation from the
above is therefore non-Newtonian.
2.2.2  Non-Newtonian Fluids
Non-Newtonian fluids are those for which no direct relationship between shear stress and
shear rate exists (Wood, 1986). Most systems of pharmaceutical interest, including
semisolid materials, fall into this category. The viscosity of such fluids will therefore
change as the shear rate is varied. This viscosity is called the “apparent viscosity” of the
fluid and is accurate only when explicit experimental parameters are furnished and adhered
to (More Solutions to Sticky Problems, 1999). Non-Newtonian fluids in turn can be
classified according to their time-independent and time-dependent properties.
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2.2.2.1  Time-Independent Non-Newtonian Fluids
2.2.2.1.1  Pseudoplastic Flow
This type of fluid will display a decreasing viscosity with an increasing shear rate, whilst
the stress increases at less than a linear rate with increasing shear rate. A typical flow curve
and viscosity curve for this flow behaviour is shown in Figures 2.3 and 2.4.
Figure 2.3: Flow curve of a Pseudoplastic fluid where shear stress increases at a less than linear
rate with increasing shear rate.
Figure 2.4: Viscosity curve of a Pseudoplastic fluid showing a decreasing viscosity with increasing
shear rate.
Pseudoplastic flow can be described as follows: at rest, the molecules in the dispersion
maintain an irregular internal order and there is a sizeable internal resistance to flow. With
increasing shear the molecules and particles orient themselves parallel to the driving force.
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This allows them to slip over one another more easily and there is a reduced apparent
viscosity. (Eccleston, 2001) This type of flow behaviour is also referred to as “shear
thinning”, and is very common pharmaceutically, occurring in aqueous dispersions of many
suspending agents and with emulsions and creams (Lund, 1994).
2.2.2.1.2  Dilatant Flow
A dilatant fluid will display an increase in viscosity with increasing shear rate, whilst the
shear stress increases at greater than a linear rate. Figures 2.5 and 2.6 describe this type of
flow.
Figure 2.5: Flow curve of a Dilatant fluid where the shear stress increases at a greater than a linear
rate with increasing rate of shear.
Figure 2.6: Viscosity curve of a Dilatant fluid showing an increasing viscosity with increasing
shear rate.
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Dilatancy is also known as “shear thickening” behaviour and is shown by concentrated
dispersions of particles which do not tend to aggregate or stick together, provided the
amount of liquid present is not much larger than that needed to fill the voids between the
particles. When such a concentrated suspension is poured or stirred slowly, there is just
enough liquid to lubricate the slipping of particle past particle, and the viscosity is low.
When stirred fast, the particles tend to aggregate and form clusters rather than slipping past
each other. Large voids form between the unevenly clustered particles, and as the liquid
seeps into these, the suspension appears dry – as if the suspended solids had expanded or
dilated. This phenomenon, which results in progressive viscosity increases, becomes more
severe with increasing shear. When high shear is followed by low shear or rest, the clusters
separate again, the interparticle void volume decreases, and the viscosity drops, as the
suspension appears “wet” again. (Schott, 2000)
Among the few systems reported to exhibit dilatant flow are suspensions of starch in water,
aqueous glycerin or ethylene glycol containing about 40% - 50% v/v starch, and
concentrated suspensions of inorganic pigments in water and in fluid non-polar liquids with
enough surfactant added to deflocculate the disperse phase completely, for example, zinc
oxide (30% v/v in water or 33% v/v in carbon tetrachloride), and titanium dioxide (30% -
50% v/v in water) (Schott, 2000).
2.2.2.1.3  Plastic (Bingham) Flow
Plastic flow is exhibited by dispersions that can build up a network of binding forces
between the particles and molecules. These resist positional change of volume and give the
substance a solid character at rest with infinitely high viscosity. (Eccleston, 2001) A certain
amount of force must be applied to the fluid before any flow is induced. This force is called
the yield value or yield stress (Herh et al., 1998; Mezger, 2002). A diagrammatical
description of plastic flow is given in Figures 2.7 and 2.8.
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Figure 2.7: Flow curve of a Plastic fluid indicating the need for a certain amount of force to be
applied before flow is induced.
Figure 2.8: Viscosity curve of a Plastic fluid showing a decrease in viscosity with increasing shear
rate, once flow is induced.
The plastic flow curve does not pass through the origin but rather intersects the shearing
stress axis at a particular point corresponding to the yield value of the fluid (Martin et al.,
1983). Examples of plastic materials include solids or dispersions with a high concentration
of solids and high cohesive or interactive forces, such as plasticine or soap (Mezger, 2002).
Yield stress phenomena can also be present in many pharmaceutical formulations such as
suspensions and creams. Adeyeye et al. (2002) have suggested that the magnitude of yield
stress relates to the strength of interparticle interaction in the three-dimensional network
microstructure of creams.
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2.2.2.2  Time-Dependent Non-Newtonian Fluids
2.2.2.2.1  Thixotropy
Thixotropic behaviour may be defined as the “reduction in structural strength during the
shear load phase and the more or less rapid, but complete structural regeneration during the
subsequent rest phase” (Mezger, 2002). Even relatively dilute systems may show a marked
decrease in apparent viscosity with increasing shear rate due to the particles lining up in the
flow direction and offering less resistance to flow. Chain-like polymer molecules may
disentangle, stretch and orientate themselves in a similar manner. At even higher
concentrations the degree of flocculation will markedly affect rheological properties
because of an effective increase in phase volume due to entrapment of the dispersion
medium within the floccules. Consequently the apparent viscosity of a flocculated
dispersion is high and will reduce progressively on shearing. (Eccleston, 2001) When the
shear stress is eventually removed the structure will tend to reform although the process is
not immediate and will increase with time as the molecules return to the original state under
the influence of Brownian motion. Furthermore, the time taken for recovery, which can
vary from seconds to days depending upon the system, will be directly related to the length
of time that the material was subjected to the shear stress since this will affect the degree of
breakdown. (Herh et al., 1998, Eccleston et al., 2000, Marriott, 2002)
Thixotropy is frequently confused with other shear-thinning behaviour, such as
pseudoplasticity and irreversible deformation. With thixotropy, the decrease in apparent
viscosity with time of shearing is reversible, so that the fluid will rebuild itself and revert to
its original state after cessation of shear. This is not the case with irreversible deformation,
sometimes referred to as shear destruction, for which the underlying structure is destroyed
and the material will remain in the less viscous state after the shear is removed. Rheological
characterization is sometimes difficult when several different flow properties are
superimposed in the same material. For example, complex multiphase formulations such as
semisolid creams exhibit a mixture of reversible and irreversible deformation in shear; the
apparent viscosity decreases with time of shearing but then only partly recovers its original
viscosity after resting. (Eccleston et al., 2000)
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The common feature of all thixotropic materials is that if they are subjected to a gradually
increasing shear rate followed immediately by a shear rate decreasing to zero then the
downcurve will be displaced to the right of the upcurve, thus forming a “hysteresis
loop”(Figures 2.9, 2.10, 2.11 and 2.12). The presence of the hysteresis loop indicates that a
breakdown in structure has occurred and the area within the loop may be used as an index
of the degree of breakdown. (Marriott, 2002) Semisolid ointments and creams often
produce a flow curve in the form of a hysteresis loop, but it can be shown that structure
breakdown in many ointments and creams is irreversible (Eccleston, 2001).
Figure 2.9: Typical thixotropic flow curve with hysteresis loop for an oil-in-water cream system.
(Source: Adapted from Eccleston, 2001)
Figure 2.10: Typical thixotropic flow curve with hysteresis loop for a cream (ternary) system.
(Source: Adapted from Eccleston, 2001)
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Figure 2.11: Typical thixotropic flow curve with hysteresis loop for a suspension system.
(Source: Adapted from Eccleston, 2001)
Figure 2.12: Typical thixotropic flow curve with hysteresis loop for an ointment system.
(Source: Adapted from Eccleston, 2001)
2.2.2.2.2  Rheopexy
Rheopectic behaviour can be defined as “an increase in the structural strength during the
load phase and a relatively rapid but complete decomposition of the increased structural
strength during the subsequent period of rest”. This increase / decrease in structural strength
is a completely reversible process. (Mezger, 2002) Rheopexy is essentially the opposite of
thixotropic behaviour, in that the fluid’s viscosity increases with time as it is sheared at a
constant rate, that is, gentle agitation or moderate and rhythmic vibration may accelerate
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the rebuilding of the structure and the restoration of the links between particles or
macromolecules by Brownian motion (Schott, 2000). A flow curve of rheopectic behaviour
is depicted in Figure 2.13.
Figure 2.13: Flow curve of a rheopectic fluid where due to the increase in structural strength of the
sample after the load phase (upcurve), the rest phase (downcurve) is displaced to the left of the
upcurve.
Rheopectic behaviour is very rare and occurs only in concentrated dispersions such as Milk
of Magnesia USP (Lund, 1994).
2.2.3  Viscoelastic Behaviour
Viscoelastic materials exhibit both viscous properties of liquids and elastic properties of
solids. Many of the systems studied in pharmacy belong to this class, examples being
creams, lotions, ointments, suppositories, suspensions and colloidal dispersing, emulsifying
and suspending agents. (Martin et al., 1983)
2.2.3.1  Viscoelastic Liquids – The Maxwell Model
The behaviour of a viscoelastic liquid can be illustrated using the combination of a spring
and a dashpot in serial connection (Figure 2.14), named the Maxwell Model after the
person who first presented it in 1868 (Wood, 1986; Schott, 2000; Mezger, 2002). The
Maxwell Model as indicated in Figure 2.14, is outlined as follows:
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Figure 2.14: Deformation behaviour of a viscoelastic liquid using the Maxwell Model.  (Source:
Mezger, 2002)
Before the load phase (a) both components are undeformed at Time = 0. As soon as the
load is applied, only the spring displays an immediate deformation until it reaches the state
of constant deflection, where it remains (bi). This deflection is proportional to the constant
load force. Therefore, immediately after the start of the load phase, only the spring is
deformed. The dashpot piston then moves continuously under the still acting constant force
(bii). After a certain period of time under load, both components show a certain extent of
deformation, which corresponds to the degree of the force applied. When the load is
removed (c) the spring recoils elastically, that is it moves back immediately and
completely. The dashpot, however, remains deflected.
(Mezger, 2002)
a
bi
bii
c
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A plot of deformation versus time for the above model is depicted in Figure 2.15.
Figure 2.15: Deformation versus Time plot of the Maxwell Model indicating a large portion of
non-recoverable deformation. (Source: Adapted from Schott, 2000)
To summarise, after a load cycle, the sample remains partly deformed. The extent of
reformation represents the elastic portion (symbolised by the spring), and the extent of
permanently remaining deformation corresponds to the viscous portion (symbolised by the
dashpot). The deformation process is irreversible, as at the end of the process, the sample
has changed its form and its reformation is incomplete. Therefore, the material behaves
essentially as a liquid and is referred to as a viscoelastic or Maxwell liquid. (Mezger, 2002)
2.2.3.2  Viscoelastic Solids – The Kelvin / Voigt Model
The behaviour of a viscoelastic solid can be illustrated using the combination of a spring
and dashpot in parallel connection (Wood, 1986; Schott, 2000; Mezger, 2002). The Kelvin /
Voigt Model as indicated in Figure 2.16, is outlined as follows:
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Figure 2.16: Deformation of a viscoelastic solid using the Kelvin / Voigt Model.
(Source: Mezger, 2002)
Before the load phase (a) both components are undeformed. During the load phase (b) the
two components are deformed together simultaneously and to the same extent. The
deformation increases as long as the constant load force is applied. The spring cannot be
deformed as spontaneously and freely as it would if it were independent of the dashpot
because its movement is slowed down by the presence of the dashpot. When the load is
removed (c) the spring immediately tries to reform elastically, causing both components to
reach their initial positions after a certain period of time. However, this process is delayed
due to the presence of the dashpot. At the end of the test, the model no longer displays any
deformation. (Mezger, 2002)
A plot of deformation versus time for this model is depicted in Figure 2.17.
a
b
c
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Figure 2.17: Deformation versus Time plot of the Kelvin / Voigt Model showing a reversible
deformation after a delayed period of time. (Source: Adapted from Schott, 2000)
In summary, after a load cycle, the sample shows delayed but complete reformation, which
fully compensates for the previous deformation. The deformation process is reversible as
the form of the sample is unchanged at the end of the test. Therefore, the material behaves
essentially as a solid and is referred to as a viscoelastic or Kelvin / Voigt solid. (Mezger,
2002)
Thus the following processes take place if a load is applied to a viscoelastic body:
i) Elastic behaviour occurs when the load is removed and a portion of the deformation
energy is completely available to act as the driving force for the reformation process; ii)
Viscous behaviour is the portion of the deformation energy which was used up or absorbed
by the body during the load process. It can either change the structure or superstructure of
the sample (which leads to a lasting deformation) or it is transformed into heat that can
warm the body or is dissipated outside. (Mezger, 2002)
The simple Kelvin / Voigt model is usually inadequate to describe real behaviour. Most
systems will show an instantaneous elastic response and viscous behaviour at longer times.
(Lund, 1994) These may be accounted for by putting the Maxwell and Kelvin / Voigt
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models together, several of which can be combined in parallel or series to represent the
complex viscoelastic behaviour of many systems (Schott, 2000).
2.3  Rheological Test Methods
2.3.1  Continuous Shear Methods
Continuous shear methods, which include all rotational tests, can provide useful
information by which to characterize and control products in industry since they can
provide information concerning the flow properties of a system such as the yield value,
thixotropy and a steady shear flow curve or viscosity curve (Martin et al., 1983, Herh et al.,
1998). Plots of shear stress and viscosity as a function of shear rate produce flow curves
and viscosity curves, respectively. These measurements are usually generated by linearly
increasing the shear rate applied to a sample in a controlled manner, referred to as a
Controlled Rate (CR) condition. Increasing the shear stress or torque applied to a sample in
a linear fashion can form similar curves, however the curves are now produced in
Controlled Stress (CS) mode. (Mezger, 2002) It is in this mode that yield point
determinations are usually produced, where the resultant deformation of a sample can be
plotted against the shear stress on a double-logarithmic axis. The point at which the greatest
deformation of the sample is measured is taken as the yield point. (Mezger, 2002)
Thixotropic tests producing hysteresis loops are performed in CR rate mode. Here, flow
curves are generated by increasing the shear rate to a predetermined value before
decreasing linearly back down to zero. The resultant difference in area between the upward
and downward curves represents the relative thixotropic area of the sample (Dolz et al.,
1995).
However, although being a useful technique, steady shear methods measure the complex
phenomenon of structure breakdown and generally destroy the underlying structure that
imparts a certain viscoelastic characteristic to the material (Eccleston et al., 1973,
Ramachandran et al., 1999). This is because at the high shear rates employed in these
methods, the material starts to flow and once the yield stress value is overcome, the initial
structure of the material is broken and it may or may not return to the initial value
(Krajišnik and Milic, 2003). These techniques therefore do not describe a material in its
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rheological “ground state” (Davis et al., 1968; Eccleston et al., 1973; Ramachandran et al.,
1999; Adeyeye et al., 2002).
2.3.2  Oscillatory / Dynamic Mechanical Analysis
Analysis of viscoelastic materials is designed not to destroy the structure, so that
measurements can provide information on the intermolecular and interparticle forces in the
material (Martin et al., 1983). These techniques utilise oscillatory tests or dynamic
mechanical analysis (Mezger, 2002). Dynamic oscillation testing is a much more powerful
tool to reveal the secrets of the microscopic structures of a viscoelastic material, therefore it
is more attractive and useful from a practical point of view (Herh et al., 1998). Krajišnik
and Milic (2003) have described dynamic testing as a tool for characterizing both the
viscosity and elasticity of a material without altering its structure, since it is conducted at
very low shear rates (10-6 s-1 to 10-4 s-1).
2.3.2.1  Basic Principles of Oscillatory Tests
Mezger (2002) uses the Two-Plate model to explain oscillatory tests. Here, the oscillations
of the upper plate are produced by a turning wheel on which a push rod is connected
eccentrically. The other end of the rod is attached to the upper plate. When the driving
wheel turns, the upper plate is moved back and forth, while the lower plate is immovable
(Figures 2.18 and 2.19). This causes shearing of the sample which is placed between the
two plates. When the wheel makes one full turn, it describes an angle of rotation of 360°,
corresponding to the duration of one complete oscillation period.
2.3.2.1.1  Ideal Elastic Behaviour
Ideal elastic behaviour is depicted in Figure 2.18. When the wheel shows a rotation angle of
0° or 180° during continuous rotation, the upper plate is always in the zero position and
thus the deformation (g ) = 0 and the torque (t ) = 0, with the velocity ( ) at its maximum.
When the rotation angle is 90°, the upper plate undergoes maximum deflection to the right
and similarly for 270°, the maximum deflection is to the left. Therefore, the deformation
and torque is at a maximum at both sides and the velocity is zero as this is where the
direction of movement reverses.
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Figure 2.18: t (t), g (t) and (t) in the form of sine and cosine curves for ideal elastic solids.
(Source: Mezger, 2002)
An ideal elastic sample is evaluated in terms of Hooke’s Law, as shown in equation 2.1.
(Mezger, 2002)
t (t) =  G*.g (t) equation 2.1
where G* is the complex shear modulus, which represents the rigidity of the sample, that is,
its resistance to deformation.
If the sample structure remains intact during the test, then
G* (t= t) / g (t) =  constant equation 2.2
and the t (t) curve will always be in phase with the g (t) curve, running simultaneously as
sine curves.
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Thus for samples showing ideal elastic behaviour (Figure 2.18), the phase shift angle, delta
(d), between the g (t) and t (t) curves has the value d = 0°. The (t) curve, the shear rate
function, is shifted by 90° in relation to the g (t) curve, forming a cosine curve in relation to
g (t), if g (t) is shown as a sine curve. (Mezger, 2002)
2.3.2.1.2  Ideal Viscous Behaviour
For ideal viscous behaviour, as depicted in Figure 2.19, Newton’s Law can be applied as
shown in equation 2.3. (Mezger, 2002)
t (t) = ?* . (t) equation 2.3
where ?* is the complex viscosity, representing the flow resistance of the sample.
If the sample structure is undisturbed during the test, then
?* = t (t) / (t) = constant equation 2.4
and the t (t) curve will always be in phase with the (t) curve running simultaneously as
cosine curves, while the g (t) curve runs as a sine curve.
(Mezger, 2002)
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Figure 2.19:t (t), g (t) and (t) in the form of sine and cosine curves for ideal viscous fluids.
(Source: Mezger, 2002)
In summary, when a small sinusoidal stress / strain (deformation) is applied, an elastic body
produces a strain curve exactly in phase with the stress (t ) curve. In a viscous liquid the
transmitted stress is a function of the rate of shear ( ). This is at a maximum when the
applied stress is at zero and the sine curves are exactly 90° out of phase. Viscoelastic
materials may have a phase angle between 0° and 90°. Thus during the course of a
complete oscillation, part of the energy is stored elastically to be released on the counter
swing, while part of the energy is lost and is not recovered. (Lund, 1994; Jones et al., 2001)
Quantitatively, all the above responses can be represented as the Storage Modulus (G’),
energy stored per unit volume, and the Loss Modulus (G”), energy dissipated per unit
deformation per unit volume (Davis, 1971a; Barry and Eccleston, 1973; Herh et al., 1998;
Adeyeye et al., 2002). The storage modulus (G’) is proportional to the extent of the elastic
component (contributed by cross-linking, entanglement and / or aggregation) of the system,
and the loss modulus (G”) is proportional to the extent of the viscous component
(contributed by the liquid-like portion) of the system (Herh et al., 1998).
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Consequently, in addition to the storage and loss moduli, an important consideration in
oscillatory analysis is the Loss Factor (tan d). This factor can also be known as the loss
tangent or damping factor. This factor is defined as the ratio of the loss modulus to the
storage modulus and is dimensionless (Herh et al., 1998; Schott, 2000; Jones et al., 2001;
Adeyeye et al., 2002). It is expressed according to equation 2.5
tan d = G” / G’ equation 2.5
Tan d values have a considerable practical interest because it provides a comparative
parameter that combines both the elastic and viscous contributions of a system (Davis,
1971a). This can therefore convey information concerning the strength of interaction of the
internal structure of a system, with the smaller the tan d value (or greater G’), the stronger
the interaction (Herh et al., 1998). Tan d values were also found to be of great interest in
modelling viscoelastic behaviour and were successfully used by Gašperlin et al. (1998) to
study lipophilic semisolid systems. Davis (1971a) has also suggested that this ratio of
viscous to elastic contribution provides an extremely useful rheological parameter and
subsequently referred to plots of tan d versus frequency as a consistency spectrum of a
system.
Thus parameters of oscillatory rheology such as storage modulus (G’), loss modulus (G”),
phase angle (d) and damping factor (tan d) are good indications of viscoelastic properties of
samples and have been often used for characterization and prediction of long-term stability
(Krajišnik and Milic, 2003).
2.4  Viscometry
Viscometry deals with being able to quantify the total flow behaviour of a sample. Here,
relatively large forces are applied and the resulting flow rates are determined or conversely,
a system is made to flow at a known speed and the force required to achieve this is
measured. Single-point determinations, typically used to measure Newtonian systems (refer
2.2.1), and multiple-point measurements, for characterizing non-Newtonian behaviour
(refer 2.2.2), can be applied for viscosity measurements. (Lund, 1994) This is mainly
Fundamentals of Rheology
- 27 -
performed using instruments known as viscometers. The main types of viscometers and the
various measuring systems used with them are discussed below.
2.4.1  Single-Point Instruments
2.4.1.1  Capillary Viscometer
The viscosity of a Newtonian liquid may be determined by measuring the time required for
a liquid to pass between two marks as it flows by gravity through a vertical capillary tube
(Martin et al., 1983). Artificially applied external pressures can also be used to allow
multiple-point measurement (Lund, 1994). Viscometers such as the Ostwald, Ubbelohde
and Cannon-Fenske viscometers are the most popular instruments (Schott, 2000).
As all capillary viscometers are precision instruments, good temperature control, preferably
to 0.01°C, is essential (Lund, 1994). This can be achieved by clamping the viscometer into
a constant-temperature water bath and allowing the sample inside to reach the required
temperature (Marriott, 2002).
A wide range of capillary lengths and diameters permits a full range of fluids to be studied.
Such instruments should, however, be restricted to materials that can readily flow into and
out of the apparatus without “rheological damage”, meaning that the sample structure
should not be affected (Wood, 1986). The viscosity figures obtained using capillary
viscometers have been found to normally have an error of between 0.5% to 1% with the
smallest attainable experimental error being about 0.1% (Marquardt and Nijman, 1993).
2.4.1.2  Falling Ball / Needle Instruments
With these instruments, viscosities are determined by measuring the velocity of a falling or
sliding ball (sphere), or a falling needle in the liquid being studied (Schott, 2000). The
liquid is normally placed in a vertical glass tube. With the falling sphere viscometer, the
rate at which the glass / steel ball (of known density and diameter) falls is an inverse
function of the viscosity of the sample (Martin et al., 1983). A falling needle viscometer
works in a similar way, except now a slender, hollow cylinder (needle) with hemisphere
ends and a weighted tip falls through the test liquid. The needle density and geometry is
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also known. (Park and Irvine, 2001) Temperature control is achieved by surrounding the
viscometer in a constant-temperature water jacket or by placing it in a water bath.
Falling ball / needle viscometers are advantageous due to their relative ease of use. The
sample is also kept within a closed space, therefore no evaporation or loss of solvent
occurs. However, only ideal viscous fluids such as gases or liquids can be measured
without considerable errors occurring. Flow conditions in these viscometers are
inhomogeneous and non-laminar and the density value of the sample must be known in
order to calculate the shear viscosity. Samples must also be transparent when determining
the test result visually. However, non-transparent liquids can be examined with specific
instruments using magnetic detectors. (Mezger, 2002)
2.4.2  Multiple-Point Instruments
2.4.2.1  Brookfield Measuring Systems
Brookfield measuring systems can be found in many quality control laboratories
worldwide. These simple “dip-in” viscometer systems were in fact the first commercially
available rotational viscometers on the market (Mezger, 2002). A rotational viscometer
measures the viscous drag exerted by a fluid on a body that is rotated in it. A known stirring
rate can be applied and the force required to maintain this rate determined, or a known
force can be applied and the resulting speed of rotation measured.
The bobs for the Brookfield measuring system are called spindles and are available in
various shapes and sizes, namely, disk spindles, cylindrical spindles and T-bar spindles
(Mezger, 2002). The speed and type of spindle are chosen for any particular liquid in order
to give a sensible mid-point reading of around 50% on the torque scale, which is calibrated
from 0% – 100%, but best used in the range of 10% – 100%. The rotational speeds can be
set from 0.5 to 100 revolutions per minute. (Barnes, 2001) For most of the Brookfield
spindles, the shear stress can be calculated from the measured torque because the geometry
of the shear area is defined. The shear rate, however, is not defined because there is no
narrow coaxial gap as is found with the cylinder geometry. Thus homogeneous shearing
throughout the whole gap cannot be guaranteed. (Mezger, 2002)
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Temperature controlled conditions for Brookfield instruments may be obtained using
constant-temperature water baths or circulating jacketed devices. In addition, a “Thermosel
System” is available, which consists of a special coaxial cylinder spindle and sample
chamber, an electric heating apparatus called a thermocontainer and a digital proportional
temperature controller. This system is specifically designed for viscosity measurement of
small samples in the temperature range of approximately 25°C to 300°C. (More Solutions
to Sticky Problems, 1999)
2.4.2.2  Coaxial Cylinder Systems
Coaxial cylinder systems, also called concentric cylinder measuring systems consist of a
bob and cup geometry where both cylinder-shaped components are aligned in the same
symmetry axis of rotation (Figure 2.20). There are two operating methods for these
systems: the Searle Method, where the bob is driven and the cup is motionless, and the
Couette Method, where the cup is driven and the bob is a passive sensor. (Mezger, 2002)
Cylinder measuring systems are widely used and are very useful for Newtonian and Non-
Newtonian fluids provided that the latter are not too solid-like in nature (Marriott, 2002).
For low-viscosity fluids it is preferable to use a large measuring system having a large
radius and therefore a large shear area. Correspondingly, for high-viscosity samples, a
small measuring system should be selected. (Mezger, 2002)
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Figure 2.20: Coaxial cylinder measuring system consisting of bob and cup geometry.
(Source: Adapted from Mezger, 2002)
With cylinder measuring systems wide ranges of shear rates can be achieved by varying the
diameter of the cylinders used and even at high shear rates low-viscosity liquids cannot
flow out of the measuring system (Mezger, 2002, Marriott, 2002). Particulate materials are
tolerable for use with these systems and good repeatability is obtained (Bohlin Instruments
USA, 2003). Temperature control of the sample is quite good due to the relatively large
wall surface of the cup and a cover can be used to prevent solvents evaporating. Sand-
blasted or profiled surfaces can be used to counter wall-slipping effects. If cleaning after
the test is difficult, disposable cups and bobs can also be used. (Mezger, 2002) A
disadvantage of these systems is that the shear rate across the gap is not always constant,
especially when the gap size is large and frictional heating can be a problem at high shear
rates (Marriott, 2002). A relatively large amount of sample is also required and cleaning is
often time-consuming. Another problem that can occur with these systems is that unnoticed
air bubbles can be included in paste-like samples which could effect the viscosity
measurement. (Mezger, 2002)
2.4.2.3  Double-Gap Measuring Systems
These cylinder measuring systems were designed for low-viscosity liquids and in order to
achieve a sufficiently high torque value, a large shear area is provided. The cup contains a
cylindrical central point therefore showing an annular gap. The bob has the shape of a short
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tube with its shear area including both the inner and outer surfaces (See Figure 2.21). Due
to this relatively large area, these measuring systems are more sensitive to lower torques.
(Mezger, 2002)
                                   
Figure 2.21: The Double-Gap measuring system showing an annular gap between the cup and bob.
(Source: Mezger, 2002)
In Double-Gap measuring systems particulate materials are well-tolerated and good
repeatability can be obtained. Good temperature control is also achieved. However,
relatively large sample volumes are required and the shear rates or shear stresses may vary
slightly over the gap. Cleaning of the instrument again can be quite difficult. (Bohlin
Instruments USA, 2003)
2.4.2.4  Cone-Plate Measuring Systems
This measuring system consists of a bob / sensor with a conical surface and a fixed plate
with a flat surface (Figure 2.22). The geometrical dimensions of the cone are determined by
the cone radius (R) and the cone angle (a). (Mezger, 2002)
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Figure 2.22: The Cone-Plate measuring system showing a radius (R), cone angle (a) and gap
distance (a). (Source: Mezger, 2002)
Every viscometer manufacturer supplies a range of cones from the user can select the right
one so that errors will be kept to a minimum. Marquardt and Nijman (1993) have reported
that as a rule of thumb, cones with a radius of less than 10 mm are not recommended, and
that cone angles of 1° and greater represent an acceptable compromise with regard to
substance effects and setting accuracy.
Most cone-plate measuring systems have truncated cone tip so that the gap distance (‘a’ in
Figure 2.22) between the cone and the lower plate can be set so that the “virtual” cone tip
would touch the lower plate at one point. This demands accurate operation by the user
when setting the cone distance manually. However, modern rheometers are equipped with
features called automatic gap setting (AGS) or automatic gap control (AGC) to assist in this
task. (Mezger, 2002)
The cone tip is truncated for various reasons. There will be no wear by abrasion on the
surfaces for both the cone and lower plate; otherwise the test geometry would change with
progressive use. There is also no friction between the cone and lower plate. This could
otherwise falsify test results, since torque measurements could be produced not only from
the sample but from friction between the cone and plate as well. A positive side effect is
that materials containing particles with dimensions of up to 10 µm can be measured.
(Mezger, 2002)
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An advantage of cone-plate measuring systems is that homogeneous shear conditions are
obtained because the shear rate (or shear deformation) is constant in the entire conical gap
and does not require any corrections to be carried out even in the case of non-Newtonian
fluids. Small sample sizes are required and any air bubbles are pressed out of the shear gap
before the test starts. Filling and cleaning of the system is quick and easy. (Mezger, 2002)
However, when testing dispersions, the particle size is limited. Solids or samples with
three-dimensional structure cannot be measured and particulate data may “jam” in the gap
leading to “noisy” data (Bohlin Instruments USA, 2003). For high-viscosity samples, a long
period of rest (relaxation time) is needed before equilibrium state is reached, that is, the
equilibrium of the internal and external stress after the gap setting. Sand-blasted or profiled
surfaces are not useful since exact geometrical dimensions are not guaranteed. The
following can occur at the edge of the upper plate: inhomogeneities, emptying of the gap,
flowing-off and spreading of the sample, evaporation of solvents or skin formation. The
degree of evaporation can be reduced, however, using a solvent trap and a cover. If only the
lower plate is temperature-controlled, the temperature gradient in the sample increases with
both the angle of the cone and the dimension of the conical gap. This can be counteracted
using an independent temperature-controlled cover over the top of the measuring system.
Equipment-dependent thermal expansion, however, can have a strong influence on the
narrow gap of the cone-plate system. (Mezger, 2002)
2.4.2.5  Parallel-Plate Measuring Systems
This system consists of two flat plates with the bottom plate being motionless (Figure
2.23). The geometry of the plate is determined by the plate radius (R). For low-viscosity
fluids, it is preferable to use a measuring system with a large radius, while for high-
viscosity samples a small radius should be selected. The distance (H) between the plates is
usually recommended to be at least 5 – 10 times larger than the largest of the particles,
agglomerates or other rigid components of the sample. (Mezger, 2002)
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Figure 2.23: The Parallel-Plate measuring system displaying a plate radius (R) and gap width (H).
(Source: Mezger, 2002)
An advantage of parallel-plate measuring systems includes the ability to measure
dispersions containing relatively large particles. In addition, shorter rest periods are
obtained for equilibration of high-viscosity samples due to the relatively wide gap sizes that
can be set. The shear rate range can also be varied easily by changing the gap width.
Cleaning is very easy after the test but disposable plates may be used if cleaning is difficult.
To counteract wall-slipping effects, sand-blasted, serrated or profiled surfaces can be used.
A disadvantage of these systems is that there is no constant shear gradient in the gap
because the shear rate (or shear deformation) increases linearly from zero at the centre of
the plate, to its maximum at the edge. This can greatly influence the test results for samples
which are not ideal viscous and not ideal elastic. The following can also occur at the edge
of the plate: inhomogeneities, emptying of the gap, flowing-off or spreading of the sample,
evaporation of solvents or skin formation. When performing a test over a wide temperature
range, the gap width changes during the test due to expansion / contraction of the
measuring system material. Furthermore, the wider the gap, the larger the temperature
gradient in the sample if only the lower plate is directly temperature-controlled. (Mezger,
2002)
2.4.2.6  Mooney-Ewart Measuring Systems
This is a combined cylinder and cone-plate geometry system, sometimes referred to as a
conicylinder. Like the cylinder measuring system, it consists of a cup and bob. The bob has
a conical lower end, which forms a cone-plate geometry with the base of the cup (Figure
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2.24). The aim of this design is to attain the same value for the average shear rate and shear
stress in both the coaxial cylinder gap and the cone gap. This measuring system is only
rarely used for example, suspensions which settle rapidly, such as pharmaceutical and
biomedical products. (Mezger, 2002)
                                  
Figure 2.24: The Mooney-Ewart measuring system displaying combined cone-plate and cylinder
geometry. (Source: Mezger, 2002)
2.5  Rheometry
The distinction between viscometry and rheometry lies in the ability of the latter to quantify
viscoelastic behaviour in addition to flow (Lund, 1994). A rheometer is an instrument that
can characterize both the viscous and elastic properties of a material. It does so in one of
two ways: it applies a shear deformation or shear rate to a sample and measures the
required stress, or it applies a stress to a sample and measures the resultant deformation or
flow. (Gopal, 2000) The power of a rheometer is its ability to conduct a large variety of test
programs in order to determine the relevant material parameters for a given product and
application. For complex fluids, these programs very often consist of sophisticated multi-
step tests and methods; a method being defined as a set of instructions to control the
rheometer and test performance, evaluate the data and report the test results. (Franck, 2002)
Thus rheometers are capable of multimode operations, incorporating both oscillatory as
well as continuous shear measurements. It is also more sophisticated and robust than a
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viscometer, which as the name suggests, only allows one to characterize the viscosity under
flow conditions (Gopal, 2000).
2.5.1  Controlled-Stress Rheometers
Traditionally, viscometers and rheometers would assign a strain or shear rate on a test
sample and the resulting shear stress is measured. The shear rate is proportional to the
assigned speed of rotation and the shear stress is proportional to the measured torque. This
configuration is referred to as controlled-rate since the speed is the controlled variable.
However, modern rheometers can be constructed so that the shear stress is assigned and the
resulting strain or shear rate measured in a controlled-stress mode. The difference is simply
the assigned test variable. (Holland, 1993)
In general, a controlled-rate instrument is ideal for testing fluids at medium and high shear
rates, whereas a controlled-stress instrument can characterize samples at extremely low
strains and shear rates (Holland, 1993). This gives controlled-stress instruments the
advantage of being able to measure the yield stress values of various materials.
Measuring system geometry for controlled-stress instruments can be of the cylinder, cone-
plate or parallel-plate types.
2.5.2  Oscillatory Rheometers
Instead of imposing the stress in a constant direction, oscillatory rheometers impose an
oscillation onto part of the measuring system by alternating the application and removal of
stress to produce a sine wave. Cylinder, cone-plate and parallel-plate measuring systems are
usually used. (Lund, 1994)
Due to the sensitivity of the oscillatory rheometer the torque measured due to the internal
friction of the rheometer can affect the torque measured for the sample being tested.
Therefore designers of rheometers aim to keep the amount of friction as low as possible.
For this reason, the bearings required wherever a moving axis or rotating shaft is attached
to a stationary housing plays an important role in rheometer construction. (Mezger, 2002)
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Mechanical bearings such as ball bearings and roller bearings are used in many viscometers
and simple rheometers, mainly for quality control purposes. However, friction from the
bearings can lead to limitations or even to falsification of the test results, especially in the
low torque range. Therefore, from time to time, compensation of this bearing friction may
need to be performed in the form of a zero-point adjustment of the instrument. (Mezger,
2002) Most rheometers with ball-bearing drive can usually not measure low viscous
substances without error at shear rates of less than 5 s-1 because their range of torque or
rotational speed is restricted (Stellrecht et al., 1999).
A rheometer with an air bearing, however, shows a considerably low bearing friction. Here,
the rotor of the drive and the motor axis, onto which the coupling of the measuring system
is mounted, float on an “air bed”. In the air bearing, the air gap between the rotor and the
immobile components is maintained due to the continuous supply of compressed air.
(Mezger, 2002) Air bearing instruments can detect torques which are 1000 times (3
decades) lower in comparison to mechanical bearinged instruments. As a consequence, it is
possible to reach range of angle deflections or rotational speeds which are 1000 times
lower. (Stellrecht et al., 1999, Mezger, 2002)
A careful temperature control process is essential since the effect of temperature on
viscosity can be considerable and can affect results apart from flow behaviour. Studies by
Marquardt and Nijman (1993) have found characteristic values of 10% – 15% change in
viscosity per degree Centigrade.
Various heating and cooling methods are available such as liquid baths filled with water or
thermo-oil, electric heating, heating and cooling with air or gas, as well as non-contact
induction heat (Mezger, 2002). Temperature control can also be achieved using a Peltier
element. The Peltier effect (Figure 2.25) is an inverse thermoelectric effect. The Peltier
element consists of two different materials, for example, two metals or two semi-conductor
materials. These two components are built up in layers. If a voltage is applied to the
element, current flows through and a temperature gradient between the two contact areas is
produced. The result is heating or cooling of the element. If one area is kept at a constant
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temperature, the other area can be adjusted to the desired measuring temperature by
controlling the amperage. This process is reversible when the direction of the current is
changed. However, counter-cooling is always required and this can be done by connecting
a water bath or running water. (Mezger, 2002)
Figure 2.25: The Peltier Effect: reversing the voltage causes a temperature change in the two
materials. (Source: Mezger, 2002)
Rotational rheometers are usually designed and constructed so that the possibility of errors
due to instrument design is excluded. However, in addition to temperature errors, errors
attributed to the instrument can also occur. (Marquardt et al., 1993)
In controlled-rate rheometers, the torque is the measured quantity. Thus various errors, such
as linearity errors during the determination of the motor current, curve errors in the case of
exchangeable springs and frictional moments of the motor bearings, can occur. For a good
quality rheometer, the sum of torque errors should not exceed 0.5% from the final value of
measuring range. (Marquardt and Nijman, 1993) In controlled-stress (CS) rheometers, the
torque is specified indirectly via the motor current without checking it with another sensor.
The torque is subject to error even as a specified quantity, since the theoretical connection
between controlled motor current and resultant torque cannot be falsified by temperature
effects in the motor winding and frictional losses in the loaded bearings. This applies to all
known CS rheometers. It is now possible to manufacture CS rheometers with a torque error
of about 0.5%, calculated on the actual torque. (Marquardt and Nijman, 1993)
In traditional rotational rheometers the required rotational speed is controlled by
continuously comparing the actual with the required speed. Errors due to faulty sensors and
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temperature-sensitive electronics may occur. There is no ideal torque control system for
rotational rheometers. Rheometers which use a drive and control system with built-in (or
programmed) error minimisation are more accurate and useful for measurement of
pharmaceutical products, ensuring that the deviation of the rotational speed from the one
specified will not be more than 0.5%. (Marquardt and Nijman, 1993)
2.6  Applications of Rheology in the Pharmaceutical Industry
2.6.1  Introduction
Pharmaceutical disperse systems display a wide range of rheological behaviour depending
on the nature and composition of the dispersed and continuous phases. Emulsions and
suspensions, for example, can display both Newtonian and highly viscoelastic
characteristics depending on the volume fraction, droplet / particle size distribution and
viscosity of the dispersed phase. In emulsions, the nature and concentration of the
emulsifying agent as well as the interfacial rheology of the emulsifier film can also modify
the rheological behaviour. Rheology therefore plays a major role in influencing the physical
stability, performance, quality and utility of disperse systems and it thus important to
develop an understanding of rheological behaviour as determined by the nature of the
formulation. (Campbell et al., 1999)
2.6.2  Raw Material and Formulation Characterization
Rheological measurements have found use in the characterization of many of these
products. Thickening agents such as carbomer, cellulose derivatives and xanthan gums
have been used to increase the viscosity of water-based formulations, where they
sometimes impart pseudoplastic and thixotropic properties to the formulations. Dispersed
systems such as emulsions have also been shown to exhibit these types of properties (Lund,
1994). In addition, surfactants / emulsifiers may also affect the viscosity of an emulsion by
forming liquid crystalline phases, usually on the addition of a long-chain molecule such as
cetostearyl alcohol. This can impart semisolid properties or “body” to the emulsion
(Eccleston, 1986a). This self-bodying action of mixed emulsifiers of the surfactant-long
chain alcohol type lies in their ability to both stabilize oil-in-water emulsions and to control
their consistencies between wide limits. An essential feature of this action is that a
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significant elastic component is introduced into the rheological behaviour, which
distinguishes such emulsions from preparations with simple emulsifiers since these do not
exhibit a prominent elastic component. (Barry and Eccleston, 1973, Eccleston, 1986a) It
can therefore be seen that oscillatory techniques can provide fundamental viscoelastic
parameters of these types of systems.
Rheological properties are important in many other liquid dosage forms as well. One of the
major problems of ophthalmic therapy is to produce and maintain a therapeutic level at the
site of action for a prolonged period of time. Aqueous eye drops, although easy to use, have
the disadvantage of draining rapidly after instillation, resulting in poor bioavailability of
ophthalmic solutions (Ceulemans and Ludwig, 1999). It was also stated by Patton and
Robinson (1975), in considering the influence of rheological property on corneal contact
time, that the ocular use of Newtonian vehicles would lead to the loss of solution through
tear drainage that was inversely proportional to vehicle viscosity. Pseudoplastic and
thixotropic systems would also undergo shear during blinking and would consequently thin
and drain from the eye reducing corneal contact time. By prolonging precorneal drug
retention, optimisation of ocular therapy may be achieved. Ceulemans and Ludwig (1999)
have investigated the mucoadhesive properties of various polymers, using flow
measurements to assess the magnitude of mucoadhesive interaction of these polymers and
oscillatory measurements to further explain the nature of these interactions, thus verifying
their role as bioadhesive systems to increase precorneal contact time.
Semisolid products such as creams, ointments, gels and pastes are the most difficult to
characterize rheologically because they combine both liquid and solid properties within the
same material (Herh et al., 1998). Ointments and creams show complex rheological
behaviour including irreversible shear breakdown, thixotropy, viscoelasticity and various
anomalous behaviours that are reliant on the previous history of the sample (Lund, 1994).
Viscoelastic measurements have been used on topical creams to evaluate microstructural
characteristics such as lamellar gel phase, interfacial layer or membrane of the dispersed
phase, micellar formation and physical stability and flocculation ratio of free and bound
water to surfactants (Adeyeye et al., 2002). An understanding of the microstructure of
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creams and their bases is essential, not only to optimise manufacturing techniques and
provide cosmetic elegance, but it is becoming increasingly apparent that the structure of a
cream can influence physico-chemical properties and drug bioavailability (Eccleston,
1986a). In creams as well, formulations stabilized by long-chain alcohol-surfactant
complexes have been found to not only form a protective film at the oil-water interface but
also provide a considerable “self-bodying” effect (Davis, 1969). Liquid crystalline gel-like
phases can develop between dispersed phase globules as a result of surfactant-water
interactions. This is called the “gel-network theory” of emulsion stability, which relates the
stabilities and physical properties of semisolid emulsions to the viscoelastic nature of the
continuous phase, the formation of which is related to the manner in which the surfactant
and fatty alcohol (wax component) interacts with water. (Eccleston, 1986a and 1986b) This
viscoelastic continuous phase prevents droplet coalescence and also determines the overall
consistency of the semisolid formulation (Eccleston, 1986b). This theory also explains
many of the consistency changes seen in oil-in-water (o/w) creams, in particular the slow
development of the gel-structure as the penetration of the surfactant and water occurs
(Lund, 1994). Gel formulations are two-component systems of a semisolid nature where
polymers or long-chain molecules in the internal phase are capable of cross-linking and
interacting with themselves to entrap the external phase within a web-like structure (Nash,
1998). These structures are responsible for the high consistencies displayed by gel
formulations. At low concentrations gels are pseudoplastic, becoming plastic at higher
concentrations, and some have high thixotropic character when studied by continuous shear
(Lund, 1994). Tan et al. (2000) have suggested that shear thinning phenomena and
thixotropic character are an advantageous property for gels that deliver their active drug via
the buccal mucosa since this may affect the ultimate performance of the preparations as
well as their acceptance by patients. Viscoelastic experiments have been utilised by Lawlor
et al. (1999) to provide insights into the equilibrium structure of tetracycline-containing
gels composed of poly(methyl vinyl ether-maleic anhydride) and polyvinylpyrrolidone and
Goggin et al. (1999) have also investigated a series of ternary gels (systems containing
surfactant, alcohol and water) in order to systematically study the development of structure
within the gels. Ternary gels have been used as models for cream continuous phases since
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these gels may contain all the components of a cream apart from the oil phase (Eccleston,
1986b, Goggin et al., 1999).
2.6.3  Prediction of Stability
Rheological research can help development chemists make reliable predictions about the
stability of a new formulation at an early stage (Kutschmann, 2003). It was noted by Rieger
(1991) that changes in rheological characteristics of macroemulsions represent important
early warnings of impending product failure. Gašperlin et al. (1998) have also said that
while rheometry is one of the most important methods for elucidation of the structure of
semisolid systems, changes in rheological behaviour can also signify instability or at least
indicate a particular kind of instability. Yield point measurements and oscillatory tests have
been used by Kutschmann (2003) in the analysis of the stability of pharmaceutical
suspensions and Krajišnik and Milic (2003) have used similar tests in evaluating the
physical stability of semisolid oil-in-water emulsion systems containing different
concentrations of a polymeric emulsifier. It was suggested by the latter that high yield
stress values and favourable low values of damping factor (tan d) both indicated good
internal structuring and long-term stability of the product. Use of oscillatory studies was
also emphasized by Rieger (1991) where the author stated that the most powerful and
sensitive technique for studying the viscoelasticity of macroemulsions depends on dynamic
viscosity measurements. Emulsion response to vibration at low frequency can be a very
useful predictor of stability since vibration can affect coalescence in various
macroemulsions and the nature of the changes preceding coalescence can be readily used to
predict the long-term stability of emulsified preparations. It was also suggested that
properly conducted dynamic rheological studies by themselves could serve as stress
conditions used to detect early signs of instability. (Rieger, 1991) With the minimum
investment of time, various rheological parameters for stability can therefore be reliably
established and reproduced (Kutschmann, 2003) and considering that it can take a long time
to assess the stability of a semisolid during development, any method that can reduce this
time would prove valuable and cost-effective.
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2.6.4  Quality Control
Another reason for the measurement of rheological properties can be found in the area of
quality control, where raw materials must be consistent from batch to batch. Work done by
Longworth and French (1969) on the quality control of samples of white soft paraffin
complying with pharmacopoeial requirements has shown that some samples might vary in
their physical properties producing hard waxy lumps and permitting excessive separation of
liquid (bleeding). Similar work by Barry and Grace (1970) has also shown that rheological
variations may occur between different grades of white soft paraffin of pharmacopoeial
quality. It was also noted that inter-batch variations might be considerable, since the
blending of soft paraffins with other paraffinic petroleum derivatives to specific
requirements is an empirical procedure. For this purpose, flow behaviour can be an indirect
measure of product consistency and quality. Also, viscoelastic studies of creams have
enabled an investigation of the structural aspects of some formulations, which cannot be
obtained from continuous shear studies, but similar to continuous shear studies, viscoelastic
analysis has shown marked variations between batches and on processing (Lund, 1994).
2.6.5  Assessment of Processing Conditions
Rheology can help improve efficiency in processing and can help formulators and end-
users find pharmaceutical products that are optimal for their individual needs. (Herh et al.,
1998) A direct assessment of processability, for example manufacturing processes such as
mixing, pumping, packaging and filling, can be evaluated in terms of quality control using
rheology (More Solutions to Sticky Problems, 1999). From a consumer point of view,
rheological measurements can help tailor flow properties to help fulfil customers practical
and aesthetic requirements of the product (Holland, 1991). Here, rheological techniques
may be used to study the conditions operating during the application of a preparation to the
skin. This is significant since ease of application of a pharmaceutical semisolid to the skin
is an important factor in consumer product acceptance (Boylan, 1967). Barry and Grace
(1972) have suggested that the initial sensations of a product upon application to the skin is
related to its consistency, while the sensations during spreading on the skin corresponds to
the spreadability of the product. Consistency can be assessed at low rates of shear and has
been correlated with yield stress values, while spreadability is assessed at higher rates of
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shear. Reported data has indicated spreading rates to vary from 120 s-1 to 105 s-1
(Henderson et al., 1961, Barry and Grace, 1972). Table 2.1 shows the approximate rates of
shear that can be associated with typical pharmaceutical processes.
Table 2.1: Approximate shear rate levels for some typical pharmaceutical operations.
Operation Shear Rate (s-1)
Pouring from a bottles 10 – 90
Spreading lotion onto the skin, levigating ointment on slab with spatula 120 – 100 000
Rubbing into skin 100 – 10 000
Sedimentation of fine powders in liquids 10-6 – 10-2
Dispensing nasal spray from plastic squeeze bottle 1000 – 20 000
Mixing and stirring in liquid manufacture 10 - 1000
Pumping of products 1000 – 100 000
High-speed filling 2000 – 100 000
Yield value parameters < 0.1
(Source: Adapted from Henderson et al. (1961), Barry and Grace, (1972), Wood (1986), Barnes
(2000) and Schott (2000)).
The effects of different parameters such as formulation and storage time can also be studied
(Herh et al., 1998). In designing a satisfactory suspension formulation, settling and caking
should be kept to a minimum, thus eliminating the danger of non-uniform dosage occurring
as the product is administered (Simon et al., 1961). However, this may not always be
achieved unless the viscosity of the liquid is increased. Yet too much of an increase in
viscosity can impair the pouring and measuring of the suspension (Lund, 1994). Agents
capable of producing thixotropic suspensions have therefore found wide acceptability for
this purpose with the amount of suspending agent incorporated into the formula generally
being the lowest concentration necessary to produce the desired stability and consistency
characteristics (Simon et al., 1961). Rheological studies are therefore useful in determining
the extent of thixotropy of these formulations. In creams and emulsions, varying the
concentration of the disperse phase or the nature and concentration of the emulsifying agent
can also affect the rheological behaviour of the product, for example, the concentration of
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emulsifier can produce marked changes in thixotropic loop area which in turn could be
related to consistency of the product (Lund, 1994). Viscoelastic properties could also be
conferred to a product merely by varying the ratio of surface-active agent to long-chain
alcohol (Marriott, 2002). Many non-Newtonian formulations can also exhibit aging of
rheologic properties, that is, formulations may tend to harden or increase in viscosity with
age and increased storage time. The use of viscosity plots versus time can therefore assist in
identifying aging characteristics as well as provide a level of confidence as aging of the
formulations proceed. (Wood, 1986) In addition, viscosity-time curves may also provide a
means of establishing whether the viscosity after a period of time is still within adequate
specifications as set at the time of manufacture of the product.
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Chapter 3
ESTABLISHING A METHOD FOR SETTING VISCOSITY SPECIFICATIONS FOR CREAMS
3.1  Introduction
Historically, most testing on viscosity has been done by a single-point measurement, that is,
testing the fluid viscosity under only one condition of shear or averaged shear (Brookfield,
1999), as is the case with viscometers (such as the Brookfield-type viscometer) that may be
used by many pharmaceutical companies. These determinations were poorly reproducible
since they did not take into account changes in viscosity that can occur with differing
temperatures of the product and shear rates employed during analysis. In addition, for most
viscometer measuring systems, the shear stress applied to a sample can be calculated from
the measured torque because the geometry of the shear area is defined. The shear rate,
however, is not defined because there is no narrow coaxial gap as is found with the cylinder
geometry. Brookfield recommends that the sample be placed in a 600 ml beaker; however,
the shear gap can still be considered to be “infinitely wide” (More Solutions to Sticky
Problems, 1999, Barnes and Bell, 2001, Mezger, 2002). For this reason, homogeneous
shearing throughout the whole gap cannot be guaranteed. It is therefore not possible to
calculate the shear viscosity without a defined shear rate, and thus viscosity specifications
are relative viscosity values. (Mezger, 2002) Setting of viscosity specifications were
therefore not generated by scientifically justifiable means, and as a result, excessively wide
ranges of viscosity specifications have been used. Figure 3.1 illustrates this concept, where
it is crucial not to use a determination of viscosity at one shear rate, as it could lead to
erroneous comparative results. The following diagram represents examples of the four
different types of flow behaviour, all of which intersect at point A, equivalent to a shear
rate of 100 s-1. It can be seen that if a measurement were made at this one shear rate, all
four materials would be shown to have the same viscosity although they all possess
different properties and flow behaviours. (Marriott, 2002)
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Figure 3.1: Rheogram illustrating the differences between Newtonian (a) and Non-Newtonian flow
behaviour such as Pseudoplastic (b), Plastic (c) and Dilatant (d) flow. Measurement of viscosity at
point A would indicate that all four materials exhibit the same flow properties, leading to erroneous
comparative results. (Source: Adapted from Marriott, 2002)
The above reasoning would not only apply to materials with different flow behaviours but
to those with similar flow characteristics as well. This is emphasised in Figure 3.2 where
the viscosity curves of two shear-thinning materials are plotted on the same grid. When
read at a specific shear rate these two curves intersect and the same viscosity reading is
obtained for both samples.
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Figure 3.2: Viscosity curves of two fluids showing same viscosity measurement when read at a
single shear rate.
It can therefore clearly be seen that for an adequate analysis of material viscosity and
confirmation of fluid performance, at least two, if not multiple, shear rates should be
chosen at which measurements could be obtained (Brookfield, 1999, McGregor, 2001).
Other ways of characterizing cream behaviour, apart from viscosity measurement, can be
from the use of thixotropic loop tests and yield point determinations. Thixotropic behaviour
may be defined as the “reduction in structural strength during the shear load phase and the
more or less rapid, but complete structural regeneration during the subsequent rest phase”
(Mezger, 2002). Thus by analysing a product’s thixotropic character, an adequate portrayal
of the sample’s structural character may be obtained, which could make it a useful
parameter for establishing a cream specification. In turn, a yield point measurement, which
corresponds to the amount of force that must be applied to a sample before any flow is
induced, can be used as a quantitative value for optimum product properties such as
consistency. (Barry and Grace, 1972; Holland, 1992; Herh et al., 1998). A specification
based on yield stress determinations might therefore also prove helpful in characterizing
inter-batch cream behaviour.
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A local pharmaceutical manufacturer has experienced problems with regard to establishing
adequate viscosity specifications for two creams during development, namely Mometasone
Furoate Cream and Terbinafine Cream. Using a single-point viscosity measurement
method, it was found that the specification set for the respective creams was unsatisfactory
for fully characterizing the viscosity variances that were occurring, the result being that
several viscosity measurements were not within specification (Figures 3.3 and 3.4). Thus
the quality of the creams might be acceptable but fail specification as a result of the
variability of the test method. Conversely, the cream’s viscosity may be within
specification, but the method insufficiently accurate, thus failing specifications. There is
therefore a need to develop a method that can effectively characterize batch viscosities, in
order to establish justifiable and meaningful viscosity specifications.
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Figure 3.3: Development batch viscosities for Mometasone Cream superimposed onto the viscosity
specification set using a single-point viscosity measurement method (Current Development
Specification: 75 000 – 150 000 mPa.s).
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Figure 3.4: Development batch viscosities for Terbinafine Cream superimposed onto the viscosity
specification set using a single-point viscosity measurement method (Current Development
Specification: 20 000 – 60 000 mPa.s).
The focus of evaluation was therefore aimed at the analysis of the above creams. A third
cream, Aqueous Cream (The Pharmaceutical Codex, 1979), was also examined as a
supportive measure for the analytical procedure. This study can therefore be divided into
three sections. Firstly, an assessment and selection of the most appropriate rheological test
ranging from viscosity curves, thixotropic loop tests and yield point determinations,
necessary to set adequate cream specifications, shall be undertaken. Secondly, the
effectiveness of this test shall be compared to that of the single-point viscosity
measurement method. The final part of the study shall deal with the assessment of the
creams, both physically and rheologically, under varying temperature storage conditions,
with the aim of ultimately establishing justifiable specifications.
60 000 mPa.s
20 000 mPa.s
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3.2  Methodology
3.2.1  Materials
Due to the implications of divulging all the components of proprietary formulations, some
components have been assigned a code instead of their true name.
Mometasone Furoate (Fine Chemicals, South Africa), Beeswax White (Lionheart, South
Africa) and White Soft Paraffin (Castrol, South Africa), were used for the preparation of
Mometasone Cream. In addition, two surfactants, A and B, were also included in the
formulation, together with a suitable solubilizing agent for the active.
Terbinafine Hydrochloride (Quimica Sintética, South Africa) and Propylene Glycol
(Lanxess, USA) were used for the preparation of the Terbinafine Cream. A combination of
four surfactants, namely, Surfactants C, D, E and F, were also included together with an
adequate preservative.
Emulsifying Wax (Croda Chemicals, South Africa), White Soft Paraffin (Castrol, South
Africa), Liquid Paraffin (Engen Petroleum, South Africa) and Chlorocresol (CJ Petrow
Chemicals, South Africa) were used for the preparation of the Aqueous Cream.
All materials used were either of B.P., E.P. or U.S.P grade.
3.2.2  Cream Preparation
Six batches (1 kg) of each cream were prepared. Varying viscosities were obtained by
varying the concentration of wax or surfactant components in the creams.
The formulation of Mometasone Cream is shown in Table 3.1.
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Table 3.1: Mometasone Cream formulation.
Ingredient % w/w
Mometasone Furoate 0.1
Beeswax White 15
Surfactant A 8
Surfactant B 7
White Soft Paraffin 44
Solubilizing Agent 15
Purified Water 10.9
The concentration of beeswax in the Mometasone Cream was increased in the rank order:
2% w/w, 5% w/w, 10% w/w, 15% w/w, 17% w/w and 20% w/w, with the white soft
paraffin concentration decreasing accordingly. During manufacture the beeswax,
surfactants and white soft paraffin were melted at approximately 70°C. The water and
solubilizing agent was heated to approximately 60°C – 65°C before the mometasone
furoate was added and the mixture allowed to heat up to approximately 70°C. This was
then transferred to the wax mixture at the same temperature to achieve adequate
emulsification using a high-speed turbine mixer (Silverson L2R, Waterside, Chesham,
Bucks, England). The cream was then allowed to cool to room temperature (approximately
25°C) with continuous mixing.
The formula of the Terbinafine Cream is shown in Table 3.2.
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Table 3.2: Terbinafine Cream formulation.
Ingredients % w/w
Terbinafine Hydrochloride 1.0
Propylene Glycol 16.0
Preservative 1.0
Surfactant C 9.0
Surfactant D 5.0
Surfactant E 3.0
Surfactant F 7.0
Purified Water 57.9
The concentrations of Surfactants C, D, E and F in the Terbinafine Cream were all
increased proportionally as shown in Table 3.3, with the propylene glycol concentration
decreasing accordingly.
Table 3.3: Variation of surfactant components for Terbinafine Cream.
Surfactant C
(% w/w)
Surfactant D
(% w/w)
Surfactant E
(% w/w)
Surfactant F
(% w/w)
Total Surfactant
Content
(% w/w)
7.0 3.0 1.0 5.0 16
8.0 4.0 2.0 6.0 20
9.0 5.0 3.0 7.0 24
9.5 5.5 3.5 7.5 26
10.0 6.0 4.0 8.0 28
11.0 7.0 5.0 9.0 32
The surfactants were melted and dissolved at approximately 70°C. The preservative was
dissolved in the water, which was then heated to approximately 70°C. This hydrophilic
mixture was then transferred to the surfactant components at the same temperature and
homogenized using the turbine mixer. The cream base was then cooled to approximately
45°C, where the terbinafine hydrochloride, separately dissolved in the propylene glycol at
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approximately 45°C, was added to the cream base and mixed well. The cream was then
cooled to approximately 25°C with mixing.
The Aqueous Cream was prepared according to the pharmacopoeial formula (The
Pharmaceutical Codex, 1979) and is depicted in Table 3.4.
Table 3.4: Aqueous Cream formulation.
Ingredients % w/w
Emulsifying Ointment 30.0
Chlorocresol 0.01
Purified Water 69.9
The Emulsifying Ointment consisted of the following ingredients expressed as a percentage
of total Emulsifying Ointment (Table 3.5):
Table 3.5: Emulsifying Ointment formulation.
Ingredients % w/w
Emulsifying Wax 30
White Soft Paraffin 50
Liquid Paraffin 20
The concentration of emulsifying wax in the Emulsifying Ointment was then increased in
the rank order: 15% w/w, 20% w/w, 25% w/w, 30% w/w, 40% w/w and 45% w/w, with the
white soft paraffin concentration decreasing accordingly. The cream was then
manufactured according to the pharmacopoeial method (The Pharmaceutical Codex, 1979).
3.2.3  Analysis
A rest period of at least 24 hours was observed before further analysis (storage temperature
and relative humidity (RH) not exceeding 25°C and 60%, respectively). Shear
measurements were conducted using a Haake RS1 controlled stress / controlled rate, air-
bearing rheometer (Karlsruhe, Germany) in conjunction with cone-plate geometry (60 mm
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diameter, 1° cone angle, gap width of 53 µm). Single-point viscosity measurements were
obtained using a Brookfield DV-II+ Programmable Viscometer (Middleboro, MA, USA).
3.2.3.1  Cream Sampling and Filling of the Measurement Gap
Samples of cream were taken randomly from various regions within each batch for each
rheological test that was performed. A stainless steel spatula was used to carefully remove a
portion of the cream, which was then gently placed onto the measuring plate of the
rheometer. It is important that sampling be done carefully because rheological
measurements are highly influenced by the previous history of the sample (Lund, 1994).
Any disruption of cream structure beforehand, such as that caused by stirring, mixing or
shaking, can alter the structural bonds present in the cream, the result being that inaccurate
results may be obtained. In terms of this study, agitation of the cream before analysis might
result in thinning of the sample, with a lower viscosity reading being measured.
One should also be careful to ensure that a sufficient amount of sample is placed onto the
measuring plate since incorrect filling of the gap width between the measuring plate and
sensor could also affect the rheological measurement. The gap must be completely filled in
order to attain correct results (Mezger, 2002). Marquardt and Nijman (1993) have reported
that under- or over-filling of the gap can alter the effective radius of the measuring system
and that the measuring error can increase considerably. There is the added concern with
low-viscosity samples, where the sample may run out of the gap when the cone rotates.
Viscoelastic materials such as creams may also creep out of the gap (known as the
Weissenberg effect) when undergoing rotational tests. (Mezger, 2002) It has also been
reported (Davis et al., 1968) that for viscoelastic materials containing particulate matter, the
particles migrate to the outside of the cone due to normal effects, thus leading to a fall in
viscosity. A recommended guideline for filling is to overfill to approximately 1 mm beyond
the maximum radius of the sensor as seen in Figure 3.5 (Mezger, 2002).
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Figure 3.5: Filling of a cone-plate measuring system: a) ideal, b) correct and c) under-filled.
(Source: Mezger, 2002)
To illustrate the effects that incorrect filling of the sensor gap can have on rheological
measurements, a sample cream was examined using a 60 mm diameter cone-plate sensor.
The cream was carefully placed onto the sensor in order to obtain a correct gap-fill
according to the guideline mentioned above. Viscosity curve tests were then performed in
triplicate for this setting. Thereafter, the sensor gap was notably over-filled, with the excess
of material overflowing from the sides of the sensor, and the same test performed again.
The test was then repeated, only now the gap was considerably under-filled. Here, distinctly
visible spaces were noted along the sides of the sensor where the sample did not manage to
reach the sensor periphery. Figure 3.6 shows the results that were obtained.
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Figure 3.6: Relative influence of over- and under-filling of the sensor gap.
It can clearly be seen that under-filling of the gap resulted in a significant difference in
viscosity measurements being obtained compared to the curves produced when the gap was
correctly filled. However, the effect of over-filling is not as apparent, with similar results
being obtained as that of the correct gap-fill test. This could be due to the fact that the
measuring surface is slightly raised off the bottom plate. As a result, a correct gap-fill is
achieved since excess sample falls off and away from the measuring surface. It could
therefore be assumed that it is safer to over-fill the gap rather than to under-fill it, as the
possibility of measuring errors is considerably less. Thus, during the entire investigation,
under-filling of the sensor gap was avoided.
3.2.3.2  Viscosity Curves
Viscosity curves were generated in controlled-rate mode, with shear rates ranging from
0 – 120 s-1 at temperatures of 23°C, 25°C and 27°C, respectively (Duration: 45 s with 45
data acquisition points), and the apparent viscosity as a function of shear rate was
monitored. Viscosity curves from 0 – 800 s-1 were further generated at 25°C for
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Mometasone Cream in order to simulate shear rates representative of some typical
pharmaceutical operations, such as topical application and squeezing from a tube (Schott,
2000).
3.2.3.3  Thixotropic Loop Tests
Thixotropic loops were produced in controlled-rate mode with upward and downward flow
curves being measured over shear rate ranges of 0 – 200 s-1 at 25°C. In each case, the shear
rate was increased over a period of 60 s (40 data acquisition points), held at the upper limit
for 30 s (20 data acquisition points), then decreased over a period of 60 s (40 data
acquisition points). The resultant thixotropic area between curves was then recorded.
3.2.3.4  Yield Point Determinations
By constructing controlled-stress flow curves, the yield points of the creams could be
established by applying the deformation as a function of the controlled stress using a
logarithmic axis calculation. Shear stress ranges of 0.5 – 500 Pa were applied at 25°C
(Duration: 240 s, 270 data acquisition points).
From the results obtained using the tests listed above, the most appropriate test for setting
of viscosity specification was established.
3.2.3.5  Single-Point Viscosity Measurements
For this study controlled-rate measurements were performed using RV Spindle no. 7, with
which viscosities ranging from 100 – 40 000 000 mPa.s can be measured through speeds of
0.1 – 200 rpm (Brookfield DVII+ Programmable Viscometer, Operating Instructions,
1999). Cream samples were placed in a 600 ml beaker and speeds of 1, 5, 10, 20, 50 and
100 rpm (revolutions per minute) were used to measure viscosities at ambient laboratory
temperature (approximately 23°C – 25°C). These measurements were then plotted as
viscosity curves as a function of spindle speed.
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3.2.3.6  Stability Study: Assessment of Changes in Appearance and Rheology
The appearance of each batch of cream was evaluated subjectively in terms of physical
character such as texture, feel and consistency, with acceptable formulations displaying
adequate integrity of shape and homogeneity. These creams should be easily spreadable
onto the skin and not leave a significant amount of oily, waxy, greasy or powdery residue.
They should also be free of lumps and display a good consistency to touch. Formulations
that were not judged favourably in terms of these conditions were deemed unacceptable for
inclusion into a specification.. The creams that were found to be acceptable were then
evaluated at storage temperatures of 25°C and 40°C over a screening period of three
months. Samples were withdrawn after 0, 1, 2 and 3 months. Analysis of the creams at T0
occurred directly after manufacture. At each sampling interval the creams were assessed for
texture, feel and consistency and analysed using the rheological test proven to be most
effective at setting a specification (as determined in sections 3.2.3.2 to 3.2.3.4 above).
3.2.3.7  Statistical Analysis
All measurements were performed in triplicate. Statistical analysis comprised of calculating
mean values, standard deviations and relative standard deviations using the software
application Microsoft Excel®. Thixotropic areas and yield stress determinations were
obtained using a software function on the rheometer (RheoWin Pro 2.94). Where
applicable, a student t-test was utilised to compare means of the measured rheological
parameter using the software package Statistica® (Version 6.0), with significant differences
defined as p < 0.05.
3.3  Results and Discussion
3.3.1  Viscosity Curves
The viscosity curves for Mometasone Cream prepared with varying concentrations of
beeswax at 23°C, 25°C and 27°C are shown in Figures 3.7, 3.8 and 3.9, respectively. The
batch containing 20% w/w beeswax was too viscous for adequate homogenisation to take
place and was therefore excluded from analysis in the study.
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Figure 3.7: Viscosity curves of Mometasone Cream formulations at 23°C, prepared using 2% w/w,
5% w/w, 10% w/w and 15% w/w beeswax concentrations (n = 3).
Figure 3.8: Viscosity curves of Mometasone Cream formulations at 25°C, prepared using 2% w/w,
5% w/w, 10% w/w, 15% w/w and 17% w/w beeswax concentrations (n = 3).
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Figure 3.9: Viscosity curves of Mometasone Cream formulations at 27°C, prepared using 2% w/w,
5% w/w, 10% w/w, 15% w/w and 17% w/w beeswax concentrations (n = 3).
From the above curves it can be seen that all batches exhibited shear-thinning behaviour,
characteristic of pseudoplastic flow. No curves could be generated for the 17% w/w
beeswax batch at 23°C, as the viscosity of the cream was too high and the rheometer could
not reach its measurement gap setting of 53 µm. This temperature was therefore not used
for establishing a specification for this cream. However, at the higher temperatures
triplicate viscosity curves were easily produced, with good differentiation between
individual batch viscosities being seen. As the temperature increased from 23°C to 25°C, a
decrease in batch viscosity could also be found as indicated in Figures 3.10 and 3.11, which
show the viscosity curves of the 2% w/w and 15% w/w batches at the three analysis
temperatures. However, very little deviation in viscosity measurement occurred between
the 25°C and 27°C analyses.
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Figure 3.10: Viscosity curves of Mometasone Cream (2% w/w beeswax) at temperatures of 23°C,
25°C and 27°C (n = 3).
Figure 3.11: Viscosity curves of Mometasone Cream (15% w/w beeswax) at temperatures of 23°C,
25°C and 27°C (n = 3).
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Since similar shaped curves were produced at both 25°C and 27°C, one temperature can be
chosen at which to set the specification. A temperature of 25°C was therefore selected for
defining the viscosity curves since analysis over the longer shear rate range (0 – 800 s-1)
will allow for a greater characterization of the cream.
Thus looking at the viscosity curves generated at 25°C, it can be seen that at high shear
rates (320 – 800 s-1), the viscosities of individual batches tend to level off at approximately
1000 mPa.s to 2700 mPa.s and discrimination between individual batches becomes
difficult. The area with the greatest difference in batch viscosities, however, can be found
over the 10 – 160 s-1 shear rate region. This region therefore shows the greatest
differentiation in cream viscosity as a function of beeswax concentration. The ability of the
analytical method to detect small changes in viscosity is therefore greatest within this shear
range. Two shear rates within this region were therefore chosen for further analysis of the
batches, namely, 20 s-1 and 70 s-1. Table 3.6 shows the mean viscosity measured for each
batch of cream at these two shear rates by interpolating it from the viscosity curves
generated in Figure 3.8. The standard deviations and percentage relative standard
deviations were also calculated and are shown in the table.
Table 3.6: Mean values, SD and RSD of viscosity at shear rates of 20 s-1 and 70 s-1 for Mometasone
Cream formulations at 25°C (n = 3 for each shear rate at each wax concentration).
Shear Rate 20 s-1 Shear Rate 70 s-1
Beeswax
Content
(% w/w)
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
2 8 846.33 ± 384.88 4.35 3 762.33 ± 166.97 4.44
5 10 583.33 ± 102.63 0.97 5 063.67 ± 164.14 3.24
10 13 116.67 ± 630.11 4.80 7 071.00 ± 178.96 2.53
15 20 150.00 ± 535.63 2.66 11 166.67 ± 181.48 1.63
17 24 466.67 ± 1 553.49 6.35 13 536.67 ± 623.65 4.61
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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The above information can be displayed as graph of mean viscosity against percentage
beeswax concentration at the two shear rates. This is shown in Figure 3.12.
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Figure 3.12: Graph of mean viscosity versus beeswax content for Mometasone Cream at 25°C at
shear rates of 20 s-1 and 70 s-1 (n = 3).
From the above graphs it can be seen that a relatively linear relationship (R2 = 0.94 at 20 s-1
and R2 = 0.96 at 70 s-1) between increasing beeswax content and viscosity exists at both
rates of shear. Also, the % RSDs recorded were less than 5% for all batches measured. This
shows that the results obtained using the viscosity curve test on the rheometer were
reproducible, also giving an indication of the reproducibility of the instrument.
The viscosity curves for Terbinafine Cream prepared with varying concentrations of
surfactant C, D, E and F at 23°C, 25°C and 27°C are shown in Figures 3.13, 3.14 and 3.15
respectively.
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Figure 3.13: Viscosity curves of Terbinafine Cream formulations at 23°C, prepared using
16% w/w, 20% w/w, 24% w/w, 26% w/w, 28% w/w and 32% w/w total surfactant content (n = 3).
Figure 3.14: Viscosity curves of Terbinafine Cream formulations at 25°C, prepared using
16% w/w, 20% w/w, 24% w/w, 26% w/w, 28% w/w and 32% w/w total surfactant content (n = 3).
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Figure 3.15: Viscosity curves of Terbinafine Cream formulations at 27°C, prepared using
16% w/w, 20% w/w, 24% w/w, 26% w/w, 28% w/w and 32% w/w total surfactant content (n = 3).
All formulations displayed shear-thinning, pseudoplastic behaviour with distinction
between individual batch viscosities being clearly visible over the entire shear rate range.
Viscosity curves of the 16% w/w and 32% w/w batches at 23°C, 25°C and 27°C are
depicted in Figures 3.16 and 3.17, respectively.
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Figure 3.16: Viscosity curves of Terbinafine Cream (16% w/w total surfactant content) at
temperatures of 23°C, 25°C and 27°C (n = 3).
Figure 3.17: Viscosity curves of Terbinafine Cream (32% w/w total surfactant content) at
temperatures of 23°C, 25°C and 27°C (n = 3).
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Very little change in viscosity can be noted as the temperature of the cream analyses was
increased. Since similar shaped curves were also produced at all three temperatures, either
temperature could be used for defining a viscosity specification. The 25°C viscosity curves
were hence selected since it was an intermediate temperature and shear rates of 20 s-1 and
70 s-1 were chosen for further investigation since good differentiation between individual
batch viscosities were found at these shear rates (refer Figure 3.14). Table 3.7 shows the
mean viscosities, standard deviations and percentage relative deviations obtained for all
batch formulations at these two shear rates.
Table 3.7: Mean values, SD and RSD of viscosity at shear rates of 20 s-1 and 70 s-1 for Terbinafine
Cream formulations at 25°C (n = 3 for each shear rate at each wax concentration).
Shear Rate 20 s-1 Shear Rate 70 s-1
Total Wax
Content
(% w/w)
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
16 5 226.67 ± 137.23 2.63 1 986.33 ± 30.92 1.56
20 6 891.00 ± 598.58 8.69 3 222.00 ± 289.63 8.99
24 8 676.33 ± 156.31 1.80 4 097.00 ± 124.65 3.04
26 9 324.67 ± 279.63 3.00 4 929.67 ± 73.76 1.50
28 11 676.67 ± 352.33 3.02 5 883.33 ± 117.28 1.99
32 14 383.33 ± 563.23 3.92 7 485.67 ± 78.53 1.05
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Figure 3.18 shows the relationship between mean viscosity and total surfactant content for
Terbinafine Cream at 20 s-1 and 70 s-1.
Establishing A Method for Setting Viscosity Specifications
- 69 -
  
0
2000
4000
6000
8000
10000
12000
14000
16000
15 20 25 30 35
Total Surfactant Content (% w/w)
V
is
co
si
ty
 (m
Pa
.s
)
20 1/s 70 1/s
Figure 3.18: Graph of mean viscosity against total surfactant content for Terbinafine Cream at
25°C at shear rates of 20 s-1 and 70 s-1 (n = 3).
A near linear relationship (R2 = 0.96 at 20 s-1 and R2 = 0.98 at 70 s-1) between surfactant
content and viscosity was observed at both shear rates. The % RSDs for all batches was less
than 4%, except for the 20% w/w formulation, indicating excellent reproducibility.
The viscosity curves for Aqueous Cream at 23°C, 25°C and 27°C are shown in Figures
3.19, 3.20 and 3.21 respectively.
Establishing A Method for Setting Viscosity Specifications
- 70 -
Figure 3.19: Viscosity curves of Aqueous Cream formulations at 23°C, prepared using 15% w/w,
20% w/w, 25% w/w, 30% w/w, 40% w/w and 45% w/w emulsifying wax content (n = 3).
Figure 3.20: Viscosity curves of Aqueous Cream formulations at 25°C, prepared using 15% w/w,
20% w/w, 25% w/w, 30% w/w, 40% w/w and 45% w/w emulsifying wax content (n = 3).
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Figure 3.21: Viscosity curves of Aqueous Cream formulations at 27°C, prepared using 15% w/w,
20% w/w, 25% w/w, 30% w/w, 40% w/w and 45% w/w emulsifying wax content (n = 3).
All formulations once more displayed shear-thinning behaviour with clear demarcation
between individual batch viscosities. Figures 3.22 and 3.23 display the change in viscosity
measured for the 15% w/w and 45% w/w batches, respectively of Aqueous Cream at 23°C,
25°C and 27°C.
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Figure 3.22: Viscosity curves of Aqueous Cream (15% w/w emulsifying wax content) at
temperatures of 23°C, 25°C and 27°C (n = 3).
Figure 3.23: Viscosity curves of Aqueous Cream (45% w/w emulsifying wax content) at
temperatures of 23°C, 25°C and 27°C (n = 3).
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Similarity in viscosity and shape between the curves produced at the different temperatures
resulted in the selection of the 25°C measurements as the temperature criterion for setting
the cream specification. Shear rates of 20 s-1 and 60 s-1 were now chosen as the rates at
which good differentiation between batch viscosities could be found. Table 3.8 shows the
mean viscosities, standard deviations and percentage relative standard deviations obtained
for all batch formulations at these two shear rates.
Table 3.8: Mean values, SD and RSD of viscosity at shear rates of 20 s-1 and 60 s-1 for Aqueous
Cream formulations at 25°C (n = 3 for each shear rate at each wax concentration).
Shear Rate 20 s-1 Shear Rate 60 s-1
Emulsifying
Wax Content
(% w/w)
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
15 3 315.67 ± 112.54 3.39 1 915.00 ± 37.04 1.93
20 5 248.00 ± 165.73 3.16 2 953.00 ± 129.00 4.37
25 5 955.00 ± 130.18 2.19 3 075.33 ± 83.15 2.70
30 6 823.00 ± 326.34 4.78 3 105.00 ± 89.82 2.89
40 9 104.00 ± 112.47 1.24 4 043.00 ± 176.27 4.36
45 12 153.33 ± 425.72 3.50 5 309.67 ± 362.56 6.83
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Figure 3.24 shows the relationship between mean viscosity and total wax content for
Aqueous Cream at 20 s-1 and 60 s-1.
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Figure 3.24: Graph of mean viscosity against emulsifying wax content for Aqueous Cream B.P. at
25°C at shear rates of 20 s-1 and 60 s-1 (n = 3).
It can be seen that as emulsifying wax concentrations increase, viscosity measurements also
increase at both shear rates. Percentage RSDs were less than 5% for all batches, indicating
little inter-batch variation in measured viscosity.
Thus in all three creams, the viscosity curves illustrated the relationship between wax
content and viscosity. Increased wax content was predictably associated with an increase in
viscosity. The reproducibility of the rheological test method was excellent, with % RSDs
less than 5% (n = 3) being routinely recorded.
3.3.2  Thixotropic Loop Tests
Thixotropic or “hysteresis” loops were generated for the Mometasone Cream formulations
as shown in Figure 3.25. The difference in area under the curves between the upward and
downward curves was calculated as thixotropy in Pa/s. Graphical representation of the
relationship between mean thixotropic area and beeswax content of formulations is shown
in Figure 3.26.
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Figure 3.25: Thixotropic loops at 25°C of Mometasone Cream formulations containing 2% w/w,
5% w/w, 10% w/w, 15% w/w and 17% w/w beeswax content (n = 3).
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Figure 3.26: Graph of mean thixotropic area against beeswax content for Mometasone Cream
formulations at 25°C (n = 3).
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From the graph, it appears that the relationship between increasing beeswax content and
mean thixotropic area is relatively linear (R2 = 0.97). However, similar thixotropic areas
were recorded for the 10% w/w and 15% w/w beeswax formulations, implying little
distinction at two different wax concentrations. Nevertheless, percentage relative standard
deviations are still low (less than 7.5%) for each batch, indicating reproducibility of results.
From Figure 3.25 above, it can be seen that the upward flow curves of the 15% w/w and
17% w/w beeswax batches in particular are not as uniform and “smooth” as that of the
other batches, especially at the shear rates exceeding 120 s-1. This is emphasized by the
larger standard deviations that were recorded for these batches. These formulations are
probably exhibiting wall slip effects or plug flow, where due to the appreciable solid
content, that is, increased beeswax concentration, shear planes or slippage planes are
produced within the sample. In such a system, one portion of the sample moves with the
shear stress, while the residue remains at rest. It is for this reason that reproducibility of
measurements could be affected for these formulations. (Wood, 1986) Chang et al. (2003)
have also noted that wall slip could be caused by large velocity gradients in a thin region of
the sample adjacent to the sensor wall, where the viscosity is low because of a reduced
concentration of suspended phase. Various ways of eliminating wall slip effects have been
suggested, namely, altering the surface roughness of the sensor wall by sand blasting,
sticking profiled material or bonding a rough surface such as sandpaper to the plates,
reducing the diameter of the measuring sensor, increasing the gap size, or reducing damage
to the sample during loading (gap closure) by slowing the closure by means of normal force
compensation (Chang et al., 2003).
The thixotropic loops generated for the Terbinafine Cream formulations containing varying
concentrations of surfactants, C, D, E and F are displayed in Figure 3.27. The results were
then plotted as a graph of mean thixotropic area against increasing total surfactant
concentration as shown in Figure 3.28.
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Figure 3.27: Thixotropic loops at 25°C of Terbinafine Cream formulations containing 16% w/w,
20% w/w, 24% w/w, 26% w/w, 28% w/w and 32% w/w total surfactant content (n = 3).
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Figure 3.28: Graph of mean thixotropic area against total surfactant content for Terbinafine Cream
at 25°C (n = 3).
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Figure 3.28 shows that no direct proportionality between increasing total surfactant content
and mean thixotropy is present for Terbinafine Cream formulations. In addition, % RSDs
are considerably larger, with most batches displaying % RSDs of between 8% and 10%,
whilst the 24% w/w total surfactant formulation obtained a RSD of 18.54%. It is for this
reason that similar thixotropies were measured for both the 24% w/w and 26% w/w
formulations, as well as for the 28% w/w and 32% w/w batches. This is disadvantageous
when setting a specification since very little distinction between batches is produced in
terms of thixotropy.
Yet again, noticeable wall slip effects are exhibited by the higher viscosity formulations
(Figure 3.27), that is, the batches containing 28% w/w and 32% w/w total surfactant
content. The reproducibility of these measurements is not very high and inaccurate results
can be expected.
The following thixotropic loops were generated from the Aqueous Cream formulations at
25°C (Figure 3.29). The results were then plotted as a graph of mean thixotropic area
against increasing total wax concentration as shown in Figure 3.30.
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Figure 3.29: Thixotropic loops at 25°C for Aqueous Cream formulations containing 15% w/w,
20% w/w, 25% w/w, 30% w/w, 40% w/w and 45% w/w emulsifying wax content (n = 3).
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Figure 3.30: Graph of mean thixotropic area against emulsifying wax content for Aqueous Cream
at 25°C (n = 3).
Establishing A Method for Setting Viscosity Specifications
- 80 -
In the above diagram, a plateau in thixotropic areas measured occurs over the 20% w/w to
40% w/w emulsifying wax concentration range. Thus similar values for thixotropy were
obtained for batches formulated within this range. Establishing a specification for this
cream would be quite difficult since a major formulation change such as increasing the
emulsifying wax concentration from 20% w/w to 40% w/w could result in the same
thixotropic value being obtained with no differentiation between individual batches being
made.
Reasonably smooth loops were produced by the Aqueous Cream batches, except for the
45% w/w wax formulation, which exhibited considerable slip effects. It is actually quite
noticeable that in the upward flow curve of the 45% w/w batch (Figure 3.29), that from a
shear rate of approximately 120 s-1, a fall in shear stress values occurs. This can be
attributed to shear fracture or a structural breakdown of the sample occurring (Davis et al.,
1968). Davis et al. (1968) have suggested that as the cone accelerates, further structural
breakdown occurs and the effective cone angle will increase. Since the shear rate is
proportional to the reciprocal of cone angle, the actual shear rate will decrease even though
the speed of rotation of the cone increases. In turn, because shear stress is related to shear
rate it shows a decrease and the process continues until flow occurs in the whole gap and
the stress minimum is reached. When the whole of the sample is sheared, the effective cone
angle will be the true cone angle and the shear rate will be directly proportional. This is
shown in Figure 3.29 by the slight increase in the shear stress values at about 180 s-1.
3.3.3  Yield Point Determinations
Yield point determinations are performed by applying a gradually increasing controlled
stress to the cream sample. The stress at which the greatest amount of deformation is
experienced is then recorded as the yield point. Yield point values for the Mometasone
Cream formulation with 2% w/w beeswax content were measured in triplicate at 25°C
(Figure 3.31). The other formulations were analysed in a similar manner, the results of
which are summarized in Table 3.9.
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Figure 3.31: Yield point measurements at 25°C of Mometasone Cream (2% w/w beeswax
concentration) (n = 3).
Table 3.9: Mean values, SD and RSD of yield stress for Mometasone Cream formulations at 25°C
(n = 3).
Beeswax Content
(% w/w)
Mean Yield Stress ± SD (Pa) RSD
2 10.82 ± 2.61 24.12
5 12.97 ± 3.37 25.98
10 12.41 ± 2.19 17.65
15 14.76 ± 0.12 0.81
17 24.44 ± 3.15 12.89
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Figure 3.32 represents the relationship between increasing beeswax concentration and the
mean yield stress. Standard deviations for each batch are also displayed.
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Figure 3.32: Graph of mean yield stress against beeswax content for Mometasone Cream
formulations at 25°C (n = 3).
It appears that while measured yield values seemed to increase with increasing beeswax
concentration, no direct proportionality seems to exist, which could be problematic when
defining a specification. In addition, % RSDs vary from 0.81% in the 15% w/w batch to
25.98% for the 2% w/w batch. Formulations with low concentrations of wax component
displayed considerably lower viscosity values as shown in Figure 3.8, and therefore could
undergo greater structural disturbances during sampling, accounting for the large deviations
in yield point measurements. On the other hand, formulations with high amounts of wax
content could result in increased slippage of the sample against the surface of the sensor,
the result being that precise yield point measurements are not achieved.
Yield point values for the Terbinafine Cream formulations were recorded and summarized
in Table 3.10. Figure 3.33 illustrates the association between increasing total surfactant
content and ensuing yield value measurement.
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Table 3.10: Mean values, SD and RSD of yield stress for Terbinafine Cream formulations at 25°C
(n = 3).
Total Surfactant Content
(% w/w)
Mean Yield Stress ± SD (Pa) RSD
16 12.77 ± 2.17 16.99
20 12.06 ± 0.86 7.13
24 17.75 ± 0.87 4.90
26 41.32 ± 3.15 7.62
28 26.91 ± 1.49 5.54
32 114.50 ± 7.65 6.68
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Figure 3.33: Graph of mean yield stress against total surfactant content for Terbinafine Cream
formulations at 25°C (n = 3).
No distinct proportionality between surfactant content and corresponding yield stress is
apparent for all batches of Terbinafine Cream. This is emphasized in the change in yield
point measured for the 16% w/w and 32% w/w total wax batches, where the 32% w/w wax
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formulation recorded a large increase in yield stress – nearly 9 times the mean value for the
16% w/w formulation. This non-linear behaviour makes it impossible for establishing
justifiable specifications for this cream since no relationship between wax content and
measured yield value was noted.
Similarly to the other creams, yield point values for the Aqueous Cream formulations were
measured and summarized in Table 3.11.
Table 3.11: Mean values, SD and RSD of yield stress for Aqueous Cream B.P.C. formulations at
25°C (n = 3).
Emulsifying Wax Content
(% w/w)
Mean Yield Stress ± SD (Pa) RSD
15 7.75 ± 0.26 3.35
20 11.13 ± 1.07 9.61
25 17.54 ± 1.90 10.83
30 27.78 ± 6.21 22.35
40 24.21 ± 1.20 4.96
45 25.03 ± 1.88 7.51
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Similar results as that of Mometasone and Terbinafine creams are produced by the Aqueous
Cream formulations. From Figure 3.34 below, it would appear that over the lower
emulsifying wax ranges (15% w/w to 30% w/w) a fairly proportional relationship with
yield point seems to exist, however, yield values plateau off after the 30% w/w wax batch.
Thus, no clear distinction in yield value is obtained past 30% w/w emulsifying wax
inclusion. It is for this reason that establishing a suitable specification would prove to be
difficult.
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Figure 3.34: Graph of mean yield stress against emulsifying wax content for Aqueous Cream
formulations at 25°C (n = 3).
3.3.4  Summary
In summary, it can be seen that thixotropic loop tests can provide a good evaluation of the
structural character of the cream since the strength of structural bonds and the nature of the
breakdown of these bonds can be quantified. However, the results of this test did not show
any correlation with changing formulation parameters such as varying wax / surfactant
concentrations, which is necessary if a stable formulation with acceptable and reliable
quality specifications are to be set. Similarly, yield point determinations were also lacking
in discriminatory power, with no clear relationship between increasing wax or surfactant
content and corresponding yield value being measured. The ability to produce repeatable
and predictable results is essential in a production environment and thus a non-linear
relationship associated with high variability is not ideal. Large deviations in measured
results were also obtained emphasising the ineffectiveness of these tests.
However, the viscosity curve test was highly reproducible, where % RSDs were less than
5% in all batches that were tested, except for the Terbinafine Cream batch with 20% w/w
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total wax content. A distinct correlation with increasing wax content and viscosity was
presented and therefore a greater discriminatory power between individual batches was
attained. This test would therefore be the preferred test for setting a suitable viscosity
specification for cream formulations.
3.3.5  Reproducibility of Viscosity Measurements: Comparison of Single-Point to
Multiple-Point Analysis
The measuring systems for the Brookfield viscometer are called spindles and are available
in various shapes and sizes, namely, disk spindles, named RV-1 (used for low-viscosity
fluids) to RV-7 (used for high-viscosity samples), cylindrical spindles, named LV-1 to LV-
4 and T-bar spindles, which are available in six different lengths. The T-bar spindles are
use in conjunction with the “Heli-path” drive. This arrangement results in a spindle with a
small bar through it to be slowly “screwed down” into the sample, as well as rotating. This
ensures that fresh material is encountered and also that the element is fully immersed in the
test material. (Barnes, 2001, Mezger, 2002) The speed and type of spindle are chosen for
any particular liquid in order to give a sensible mid-point reading of around 50% on the
torque scale, which is calibrated from 0% – 100%, but best used in the range of 10% –
100%. The rotational speeds can be set from 0.5 to 100 revolutions per minute. (Barnes,
2001)
The reproducibility of the results obtained using the rheometer (from section 3.3.1) were
then compared to that of the single-point viscometry method to determine their
effectiveness in setting viscosity specifications. This was done by comparing the percentage
relative standard deviations obtained by the two methods for each batch of cream produced.
3.3.5.1  Viscosity Determinations Using a Single-Point Method
The viscosity curves were generated for the Mometasone Cream formulations using a
viscometer are shown in Figure 3.35. Analysis of the sample occurred at ambient laboratory
temperature, while the temperature of the sample itself was not controlled.
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Figure 3.35: Graph of mean viscosity against speed for Mometasone Cream formulations
containing 2% w/w, 5% w/w, 10% w/w, 15% w/w and 17% w/w beeswax content, using a
Brookfield Viscometer at ambient laboratory temperature.
In the above graph the triplicate single-point viscosity measurements at each spindle speed
have been averaged so that a mean viscosity value for the curve has been produced. Shear-
thinning behaviour is again apparent and similar shaped viscosity curves are produced by
the viscometer as compared to those generated by the rheometer. An area where the
greatest differentiation between individual batch viscosity curves occurs can be found over
the 1 rpm to 20 rpm region. Thus speeds of 5 rpm and 10 rpm were chosen as speeds for
further analysis. Table 3.12 shows the mean viscosities, standard deviations and percentage
relative standard deviations obtained by all the batches of this cream at these two spindle
speeds.
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Table 3.12: Mean values, SD and RSD of viscosity, recorded using a viscometer at speeds of 5 rpm
and 10 rpm for Mometasone Cream formulations at ambient laboratory temperature (n = 3 for each
speed).
Speed 5 rpm Speed 10 rpm
Beeswax
Content
(% w/w)
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
2 126 666.67 ± 21 571.59 17.03 42 266.67 ± 20 255.70 47.92
5 130 333.33 ± 24 193.66 18.56 97 600.00 ± 5 892.37 6.04
10 224 666.67 ± 57 570.25 25.62 128 333.33 ± 15 695.01 12.23
15 278 333.33 ± 15 143.76 5.44 155 333.33 ± 11 547.01 7.43
17 364 000.00 ± 58 206.53 15.99 220 666.67 ± 76 428.62 34.64
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Plots of mean viscosity against beeswax concentration at 5 rpm and 10 rpm are displayed in
Figure 3.36 together with the standard deviations obtained by the different batch
formulations at these speeds.
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Figure 3.36: Graph of mean viscosity against beeswax content at 5 rpm and 10 rpm for
Mometasone Cream using a Brookfield Viscometer at ambient laboratory temperature (n = 3 for
each speed).
From the graph, increasing beeswax content resulted in an increase in batch viscosity.
However, % RSDs from Table 3.12 ranged from approximately 5.44% (15% w/w beeswax
content at 5 rpm) to 47.92% (2% w/w beeswax content at 10 rpm). A considerable amount
of overlapping of error bars can therefore be seen. These values are quite high and indicate
a large variability in viscosity measurements that were obtained. From the graph at 5 rpm,
similar viscosity readings were obtained for the 2% w/w and 5% w/w batches as well as the
10% w/w and 15% w/w batches. At 10 rpm, similar viscosity values were obtained for the
10% w/w, 15% w/w and 17% w/w formulations. These large variations in individual
viscosity measurements can prove difficult in setting a viscosity specification since no
obvious distinction can be determined between varying batch composition and viscosities.
Figure 3.37 displays the viscosity curves generated using a viscometer for the Terbinafine
Cream formulations containing varying concentrations of surfactants, C, D, E and F.
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Figure 3.37: Graph of mean viscosity against speed for Terbinafine Cream formulations containing
16% w/w, 20% w/w, 24% w/w, 26% w/w, 28% w/w and 32% w/w total surfactant content, using a
Brookfield Viscometer at ambient laboratory temperature.
From the above figure, very little difference in viscosity readings were observed for all
batches at speeds greater than 50 rpm. The increase in viscosity between the different
batches is also not clearly distinguished at the lower spindle speeds. However, two speeds
at which better differentiation between batch viscosities could be found were chosen,
namely, 10 rpm and 20 rpm. Table 3.13 displays the mean viscosities, standard deviations
and percentage relative standard deviations for all the formulations at these two speeds.
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Table 3.13: Mean values, SD and RSD of viscosity, recorded using a viscometer at speeds of
10 rpm and 20 rpm for Terbinafine Cream formulations at ambient laboratory temperature (n =3 for
each speed).
Speed 10 rpm Speed 20 rpm
Total Wax
Content
(% w/w)
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
16 31 466.67 ± 8 857.39 28.15 28 200.00 ± 6 609.08 23.44
20 47 733.33 ± 1 803.70 3.78 19 533.33 ± 10 104.12 51.73
24 42 533.33 ± 27 592.27 64.87 42 266.67 ± 305.51 0.72
26 59 866.67 ± 11 323.13 18.91 50 066.67 ± 4 631.77 9.25
28 94 600.00 ± 13 909.71 14.70 44 133.33 ± 14 494.60 32.84
32 98 733.33 ± 22 416.36 22.70 66 333.33 ± 10 833.90 16.33
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Similarly to the % RSDs obtained by the Mometasone Cream formulations, the % RSDs
obtained for the Terbinafine Cream batches were also quite varied, ranging from 0.72%
(24% w/w total wax content at 20 rpm) to 64.87% (24% w/w total wax content at 10 rpm).
Plots of mean viscosity against total surfactant content are displayed in Figures 3.38 and
3.39 together with the standard deviations obtained for the different formulations at these
two speeds.
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Figure 3.38: Graph of mean viscosity against total surfactant content at 10 rpm for Terbinafine
Cream using a Brookfield Viscometer at ambient laboratory temperature (n = 3).
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Figure 3.39: Graph of mean viscosity against total surfactant content at 20 rpm for Terbinafine
Cream using a Brookfield Viscometer at ambient laboratory temperature (n = 3).
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In the above figures, non-linear behaviour between total wax content and mean viscosity is
quite apparent at both 10 rpm and 20 rpm speeds. Additionally, overlap of standard errors is
common at almost all total surfactant concentrations. Yet again, creating adequate viscosity
specifications would be unfeasible due to the similarities in viscosity measurement that
were obtained for the majority of surfactant concentrations.
The viscosity curves generated for the Aqueous Cream formulations using the viscometer
are shown in Figure 3.40. The region with the greatest differentiation between batch
viscosities was found to range from 1 rpm to 20 rpm and thus two speeds within this
region, namely, 5 rpm and 10 rpm were chosen for further analysis of the batches. Table
3.14 shows the mean viscosities, standard deviations and percentage relative standard
deviations obtained for all batches at these two speeds.
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Figure 3.40: Graph of mean viscosity against speed for Aqueous Cream formulations containing
15% w/w, 20% w/w, 25% w/w, 30% w/w, 40% w/w and 45% w/w emulsifying wax content, using
a Brookfield Viscometer at ambient laboratory temperature.
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Table 3.14: Mean values, SD and RSD of viscosity, recorded using a viscometer at speeds of 5 rpm
and 10 rpm for Aqueous Cream formulations at ambient laboratory temperature (n = 3 for each
speed).
Speed 5 rpm Speed 10 rpm
Emulsifying
Wax Content
(% w/w)
Mean Viscosity ± SD
(mPa.s) RSD
Mean Viscosity ± SD
(mPa.s) RSD
15 22 933.33 ± 4 406.06 19.21 16 533.33 ± 6 739.13 38.58
20 42 933.33 ± 14 540.06 33.87 35 466.67 ± 22 986.37 64.81
25 71 466.67 ± 30 738.47 43.01 30 800.00 ± 2 800.00 9.09
30 78 933.33 ± 1 222.02 1.55 32 400.00 ± 4 613.03 14.24
40 85 866.67 ± 22 404.76 26.09 26 800.00 ± 16 203.70 60.46
45 123 666.67 ± 8 504.90 6.88 51 866.67 ± 8 911.42 17.18
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Here again, wide variations in RSDs were obtained, the 20% w/w and 25% w/w
emulsifying wax formulations displaying % RSDs of 64.81% at 10 rpm and 43.01% at
5 rpm, respectively. Plots of mean viscosity versus emulsifying wax content together with
the standard deviations obtained by all the batches at these two speeds are displayed in
Figures 3.41 and 3.42.
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Figure 3.41: Graph of mean viscosity against emulsifying wax content at 5 rpm for Aqueous Cream
at ambient laboratory temperature (n = 3).
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Figure 3.42: Graph of mean viscosity against emulsifying wax content at 10 rpm for Aqueous
Cream at ambient laboratory temperature (n = 3).
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Figure 3.41 displays distinctly large standard deviations that are present throughout the
emulsifying wax concentration range at 5 rpm. This is not only evident in the 10 rpm graph
(Figure 3.42) but non-linear character is noticeable as well. It can clearly be seen that
changing the emulsifying wax concentration from 15% w/w to 40% w/w (which would
constitute a major change in formulation composition) could result in the same viscosity
reading being attained throughout this range. It would therefore prove nearly impossible to
set a viscosity specification for this cream since no correlation between increasing
emulsifying wax content and increasing viscosity measurement is obtained.
3.3.5.2  Comparison of Single-Point Method with a Multiple-Point Measurement
A summary comparing the results obtained using the rheometer (section 3.3.1) and
viscometer for all three creams is displayed in Table 3.15.
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Table 3.15: Comparison of % RSDs obtained with the viscometer and rheometer for Mometasone,
Terbinafine and Aqueous Creams at the speeds and shear rates chosen for analysis.
% RSD (n = 3)Wax / Surfactant
Content
(% w/w) Viscometer Sensor Speeds Rheometer Sensor Speeds
5 rpm 10 rpm 20 s-1 70 s-1
2 17.03 47.92 4.35 4.44
5 18.56 6.04 0.97 3.24
10 25.62 12.23 4.80 2.53
15 5.44 7.43 2.66 1.63
Mometasone
Cream
17 15.99 34.64 6.35 4.61
10 rpm 20 rpm 20 s-1 70 s-1
16 28.15 23.44 2.63 1.56
20 3.78 51.73 8.69 8.99
24 64.87 0.72 1.80 3.04
26 18.91 9.25 3.00 1.50
28 14.70 32.84 3.02 1.99
Terbinafine
Cream
32 22.70 16.33 3.92 1.05
5 rpm 10 rpm 20 s-1 60 s-1
15 19.21 38.58 3.39 1.93
20 33.87 64.81 3.16 4.37
25 43.01 9.09 2.19 2.70
30 1.55 14.24 4.78 2.89
40 26.09 60.46 1.24 4.36
Aqueous
Cream
45 6.88 17.18 3.50 6.83
Table 3.15 reveals that the single-point viscosity measurement method using a viscometer
produced poorly reproducible results with some batches displaying very large % RSDs, for
example, a % RSD of 64.87% was recorded for Terbinafine Cream with a total surfactant
content of 24% w/w measured at 10 rpm, compared to a 1.8% RSD with the rheometer. The
Mometasone Cream with a 2% w/w beeswax content produced a % RSD of 47.92% at
10 rpm and Aqueous Cream with a 25% w/w emulsifying wax concentration displayed a
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43.01% relative standard deviation at 5 rpm. It should also be noted that these latter two
batches were in fact batches that were selected as displaying good physical character and
appearance (as explained in section 3.3.6 below) yet they still produced such varying
results.
3.3.5.3  Summary
Such substantial variations in viscosity measurement would necessitate wide limits being
set in order to incorporate all deviations in measured viscosity that could occur for a
particular product using a viscometer. The above results can be rationalized according to
the various factors that can affect viscosity measurement. The lack of proper temperature
control, as was the case with the above single-point method, can alter viscosity readings by
10% – 15% per degree centigrade (Marquardt et al., 1993). It is not unusual to see a
product being tested before it is allowed enough time to equilibrate to the desired test
temperature. Also, the absence of a narrow, well defined gap width between the plates of
the measuring system and the subsequent non-homogenous shearing that occurs produces
relative viscosity values that vary widely with respect to each other. This is amplified if the
analyst does not utilise a proper technique when performing the test procedure, since prior
shearing of a sample by stirring or agitation can produce erroneous results. It was noted that
when preparing a sample for analysis, transfer of the product from its storage container to
the 600 ml beaker essentially disturbed its “resting” or built-up structure, which would have
affected consequent viscosity measurements. In addition, the viscometer used was that of a
dip-in type, where the spindle is literally dipped into the sample for test. Upon
commencement of the test procedure, the rotation of the spindle can produce a “hollowing
out” of the sample around the edges of the spindle, which is more pronounced with very
viscous products. This means that after a certain period of time very little, if any, sample is
in direct contact with the spindle and an erroneous viscosity reading can be obtained. Many
test procedures also call for the spindle to rotate at least five times before a reading is taken
but if a longer rotation time is allowed, sufficient thinning of the sample may occur to
obtain results that would be within specification for that particular product. The
consequence is that results can be obtained that are not representative of the actual
product’s viscosity.
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3.3.6  Stability Study
The viscosity curve test was found to be the preferred test for setting a suitable viscosity
specification for cream formulations (refer section 3.3.1 above) and was thus used for
further assessment of the creams over the 3-month screening stability period.
3.3.6.1  Assessment of Physical Appearance
All the batches of Mometasone Cream appeared to be off-white to slightly yellow in colour
directly after manufacture. All batches formed a homogenous blend except for the
20% w/w beeswax formulation, which was too thick for adequate homogenisation to take
place. This batch could not be manufactured completely and was therefore not used in this
study. It was noticed that after approximately 3 days of storage at 25°C and 40°C, the
formulations containing 2% w/w and 5% w/w beeswax content exhibited an exudate
formation on the top of the creams, while the 17% w/w batch was highly viscous. Thus,
based on physical appearance, only the batches containing 10% w/w and 15% w/w beeswax
were considered acceptable for inclusion into a viscosity specification. These batches
displayed good consistency and homogeneity throughout the screening period, with no
evidence of phase separation or changes in colour. Both creams were still smooth to the
touch but had thickened noticeably. The above characteristics are summarised in Table
3.16.
Table 3.16: Appearance characteristics for Mometasone Cream formulations after manufacture.
Beeswax Content (% w/w) Appearance
2 Low viscosity, phase separation
5 Low viscosity, phase separation
10 Good texture, feel and consistency
15 Good texture, feel and consistency
17 Highly viscous, paste-like
The batches of Terbinafine Cream appeared to be off-white in colour and formed
homogenous blends after manufacture and throughout the screening period. The batches
containing 16% w/w and 20% w/w total surfactant content, however, displayed a low
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viscosity to the touch, while the 24% w/w and 26% w/w formulations were all smooth and
demonstrated good texture, feel and consistency. The 28% w/w and 32% w/w formulations
were very viscous to the touch and the 32% w/w batch in particular produced visible
flaking after being applied to the skin. Only the 24% w/w and 26% w/w wax content
batches were therefore accepted for setting a viscosity specification. These formulations
still showed good texture, feel and consistency with a slightly glossy appearance after 3
months storage. The above characteristics are summarised in Table 3.17.
Table 3.17: Appearance characteristics of Terbinafine Cream formulations after manufacture.
Total Wax Content (% w/w) Appearance
16 Low viscosity, smooth texture
20 Low viscosity, smooth texture
24 Good texture, feel and consistency
26 Good texture, feel and consistency
28 Very viscous
32 Very viscous, visible flaking on topical administration
All formulations of the Aqueous Cream were white in colour with a shiny, smooth
appearance. However, only the batches containing 25% w/w and 30% w/w emulsifying
wax were chosen for inclusion into a viscosity specification, since the other batches
displayed either a very low viscosity (namely, the 15% w/w and 20% w/w batches) or a
very high viscosity (namely, the 40% w/w and 45% w/w batches), which impacted on the
consistency and feel of the creams. The above characteristics are summarised in Table 3.18.
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Table 3.18: Appearance characteristics of Aqueous Cream formulations after manufacture.
Emulsifying Wax Content
(% w/w)
Appearance
15 Very low viscosity, shiny, soft, smooth feel
20 Very low viscosity, shiny, soft, smooth feel
25 Good texture, feel and consistency
30 Good texture, feel and consistency
40 High viscosity, good consistency
45 High viscosity, good consistency
3.3.6.2  Viscosity Curves
Figures 3.43 and 3.44 show the viscosity curves obtained for the 10% w/w Mometasone
Cream batch after three months storage at 25°C and 40°C, respectively. A shear rate of
70 s-1 was chosen to analyse the change in viscosity for this batch since good discrimination
of individual batch viscosities could be seen at this shear rate (refer section 3.3.1). Table
3.19 displays the mean viscosities, standard deviations and relative standard deviations
produced by this batch throughout the screening period. Figure 3.45 provides a graphical
representation of this data.
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Figure 3.43: Viscosity curves of Mometasone Cream (10% w/w beeswax content) measured over 3
months storage at 25°C (n = 3).
Figure 3.44: Viscosity curves of Mometasone Cream (10% w/w beeswax content) measured over 3
months storage at 40°C (n = 3).
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Table 3.19: Mean values, SD and RSD of viscosity at a shear rate of 70 s-1, for Mometasone Cream
(10% w/w beeswax content) stored at 25°C and 40°C over 3 months (n = 3).
25°C 40°C
Time Mean Viscosity ± SD
(mPa.s)
RSD
Mean Viscosity ± SD
(mPa.s)
RSD
T0 7 071.00 ± 178.95 2.53 7 071.00 ± 178.95 2.53
T1 12 723.33 ± 270.62 2.13 7 079.67 ± 690.71 9.76
T2 12 353.33 ± 511.60 4.14 9 257.33 ± 742.03 8.02
T3 11 513.33 ± 696.16 6.05 7 760.33 ± 1 528.79 19.70
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Figure 3.45: Change in viscosity for Mometasone Cream (10% w/w beeswax content) over 3
months storage at 25°C and 40°C at a shear rate of 70 s-1 (n = 3).
From the above graph it can be seen that the viscosity increased significantly over the first
month at 25°C storage, with an increment of approximately 5 600 mPa.s (p = 0.00001).
This plateaus off during the next 2 months of storage. Viscosity values increased to a lesser
extent under 40°C storage, that is, approximately 2 000 mPa.s from T0 to T3. However,
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% RSDs varied considerably at this temperature from 2.53% at T0 to 19.70% at T3. This
could be an indication of inhomogenieties in the cream structure as a consequence of the
high temperature stress placed on it, the result being that varying viscosities are produced
from random samples of the cream. In comparison, relatively low % RSDs were recorded
for the batches when stored at 25°C.
Viscosity curves for the 15% w/w beeswax formulation were produced in a similar manner
to that of the 10% w/w batch and Table 3.20 shows the data collected from the analysis,
also at a shear rate of 70 s-1. Viscosity-time plots were also generated for this 15% w/w
batch as shown in Figure 3.46
Table 3.20: Mean values, SD and RSD of viscosity at a shear rate of 70 s-1, for Mometasone Cream
(15% w/w beeswax content) stored at 25°C and 40°C over 3 months (n = 3).
25°C 40°C
Time Mean Viscosity ± SD
(mPa.s)
RSD
Mean Viscosity ± SD
(mPa.s)
RSD
T0 11 166.67 ± 181.47 1.63 11 166.67 ± 181.47 1.63
T1 12 970.00 ± 327.41 2.52 10 518.67 ± 1 011.96 9.62
T2 14 046.67 ± 1 808.77 12.88 14 493.33 ± 98.15 0.67
T3 14 643.33 ± 130.13 0.89 10 130.67 ± 1 573.49 15.53
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Figure 3.46: Change in viscosity for Mometasone Cream (15% w/w beeswax content) over 3
months storage at 25°C and 40°C at a shear rate of 70 s-1 (n = 3).
A near linear increase in viscosity (R2 = 0.95) is obtained for this formulation after 3
months storage at 25°C. A final viscosity of 14 643.33 mPa.s was obtained at T3; an
increase of 2 880 mPa.s (p = 0.00001) recorded from the value at manufacture. However,
the viscosity measurements varied during storage at 40°C with an absolute viscosity
variation of 3 326.66 mPa.s from T0, calculated after 2 months storage (p = 0.00001).
A shear rate of 20 s-1 was selected at which to analyse the results of the Terbinafine Cream
formulations, since a reasonably good discernment of batch viscosities can be noted at this
shear rate (refer section 3.3.1). Table 3.21 summarises the results obtained by 24% w/w
total surfactant content at this shear rate and Figure 3.47 gives diagrammatical
representation of these findings.
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Table 3.21: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Terbinafine Cream
(24% w/w total surfactant content) stored at 25°C and 40°C over 3 months (n = 3).
25°C 40°C
Time Mean Viscosity ± SD
(mPa.s)
RSD
Mean Viscosity ± SD
(mPa.s)
RSD
T0 8 676.33 ± 156.31 1.80 8 686.33 ± 156.31 1.80
T1 8 938.33 ± 327.49 3.66 10 600.00 ± 495.08 4.67
T2 9 322.33 ± 335.43 3.60 11 890.00 ± 1 536.26 12.92
T3 9 271.33 ± 121.97 1.32 13 796.67 ± 1 117.33 8.10
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Figure 3.47: Change in viscosity for Terbinafine Cream (24% w/w total surfactant content) over 3
months storage at 25°C and 40°C at a shear rate of 20 s-1 (n = 3).
At 25°C storage the viscosity remained relatively constant throughout the testing period
with the maximum increase of 646 mPa.s occurring after 2 months storage. At 40°C storage
however, the viscosity increased linearly (R2 = 0.99) over the 3-month period, the total
viscosity increase approximating 5 000 mPa.s (p = 0.014). It can also be noted that % RSDs
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under 40°C temperature varied markedly from that of 25°C storage conditions, the
maximum % RSD at 25°C storage being 3.66% at 1 month, which is considerably less than
12.92% which was attained after 2 months storage at 40°C. This again could be attributed
to changes in cream structure and character occurring as a result of high temperatures,
possibly due to a loss of water from the formulation, which could not be distinguished from
a visual inspection of the cream.
Table 3.22 shows the data collected from the viscosity curves of the 26% w/w total
surfactant formulation, also at a shear rate of 20 s-1. Viscosity-time plots were generated as
shown in Figure 3.48.
Table 3.22: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Terbinafine Cream
(26% w/w total surfactant content) stored at 25°C and 40°C over 3 months (n = 3).
25°C 40°C
Time Mean Viscosity ± SD
(mPa.s)
RSD
Mean Viscosity ± SD
(mPa.s)
RSD
T0 9 324.67 ± 279.62 3.00 9 324.67 ± 279.62 3.00
T1 10 406.67 ± 378.20 3.63 13 313.33 ± 1 055.10 7.93
T2 11 900.00 ± 560.45 4.71 13 630.00 ± 1 203.79 8.83
T3 11 453.33 ± 698.74 6.10 14 176.67 ± 1 189.34 8.39
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Figure 3.48: Change in viscosity for Terbinafine Cream (26% w/w total surfactant content) over 3
months storage at 25°C and 40°C at a shear rate of 20 s-1 (n = 3).
Figure 3.48 shows that the 26% w/w total wax formulation underwent a significant
viscosity increase with time for both storage temperatures with a maximum increase of
approximately 2 500 mPa.s at T2 (p = 0.002) and 4800 mPa.s at T3 (p = 0.02) being
recorded during 25°C and 40°C, respectively. Similarly to that of the 24% w/w wax
formulation, larger % RSDs were produced at 40°C storage than at 25°C storage, indicating
the possibility of cream inhomogeneity after long-term storage.
Similarly to the Terbinafine Cream batches, a shear rate of 20 s-1 was chosen to analyse the
change in viscosity for the 25% w/w emulsifying wax batch of Aqueous Cream since this
was one of the shear rates where a good discrimination of individual batch viscosities could
be seen. Table 3.23 displays the mean viscosities, standard deviations and relative standard
deviations produced by this batch throughout the screening period. Figure 3.49 provides a
graphical representation of this data.
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Table 3.23: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Aqueous Cream
(25% w/w emulsifying wax content) stored at 25°C and 40°C over 3 months (n = 3).
25°C 40°C
Time Mean Viscosity ± SD
(mPa.s)
RSD
Mean Viscosity ± SD
(mPa.s)
RSD
T0 6 616.00 ± 114.37 1.73 6 616.00 ± 114.37 1.73
T1 5 690.00 ± 61.15 1.07 9 230.67 ± 891.61 9.66
T2 5 142.33 ± 75.83 1.47 12 396.67 ± 547.21 4.41
T3 5 041.33 ± 125.91 2.50 13 063.33 ± 1 280.21 9.80
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Figure 3.49: Change in viscosity for Aqueous Cream (25% w/w emulsifying wax content) over 3
months storage at 25°C and 40°C at a shear rate of 20 s-1 (n = 3).
A large significant increase in viscosity of 6 447.33 mPa.s (p < 0.001) was measured for
this batch of cream after 3 months storage at 40°C, while at 25°C storage, the viscosity
decreased significantly by 1 574.67 mPa.s (p < 0.0001) after 3 months. In addition, larger
% RSDs were obtained for the viscosity measurements at 40°C storage, while % RSDs at
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25°C remained relatively constant at between 1% to 3%. Yet again, structural changes and
water loss could attribute to these changes in viscosity.
Table 3.24 displays the results obtained at 20 s-1 for the 30% w/w batch of Aqueous Cream.
Viscosity-time plots are graphically displayed in Figure 3.50.
Table 3.24: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Aqueous Cream
(30% w/w emulsifying wax content) stored at 25°C and 40°C over 3 months (n = 3).
25°C 40°C
Time Mean Viscosity ± SD
(mPa.s)
RSD
Mean Viscosity ± SD
(mPa.s)
RSD
T0 7 868.67 ± 158.93 2.02 7 868.67 ± 158.93 2.02
T1 7 096.00 ± 211.85 2.98 9 208.33 ± 643.84 6.99
T2 7 363.67 ± 366.84 4.98 10 419.67 ± 1 170.15 11.23
T3 7 063.33 ± 523.73 7.41 11 090.00 ± 52.92 0.48
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Figure 3.50: Change in viscosity for Aqueous Cream (30% w/w emulsifying wax content) over 3
months storage at 25°C and 40°C at a shear rate of 20 s-1 (n = 3).
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Similar trends to that observed from the 25% w/w formulation occurred in the 30% w/w
batch, except that viscosity values decreased significantly at 40°C (p < 0.00001), while a
statistically insignificant increase in viscosity occurred at 25°C storage (p = 0.06) after 3
months storage.
3.4  Conclusions
Various rheological tests were performed using the rheometer under controlled temperature
conditions with a constant narrow gap width and minimal error due to analyst technique. It
was found that although thixotropic loop tests provided a good evaluation of the structural
character of the creams, the results of this test did not show any correlation with changing
formulation parameters such as varying wax / surfactant concentrations in all creams.
Similarly, yield point determinations were also found to be lacking in discriminatory power
since no clear relationship between increasing wax / surfactant content and corresponding
yield value was obtained. The presence of large deviations in these results also serves as an
indication of the ineffectiveness of these tests. However, the viscosity curve test was highly
reproducible, with low % RSDs being recorded for all cream batches and a distinct
association with increasing wax / surfactant content and viscosity was attained. It was thus
found that the viscosity curve test provided a suitable means of establishing specifications
for cream formulations due to its ability to achieve a greater discriminatory power between
individual batch viscosities in conjunction with the high reproducibility of its results.
On comparison with the single-point viscosity measurement method, it was found that the
viscosity curves generated by the rheometer produced far lower % RSDs than that of curves
generated using a viscometer. The inaccuracy of the latter method was attributed to a
number of factors, such as poor temperature control, lack of a well-defined gap width and a
greater reliance on a good analyst technique. It is therefore suggested that a complete
characterisation of product viscosity at multiple shear rates, using a system that can
adequately control parameters such as temperature, gap width and analyst error would
allow for a more dependable viscosity specification to be set.
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In order to fully characterize product viscosity, each cream was stored at 25°C and 40°C
and evaluated over 3 months. After being visually inspected for appearance and stability
problems, only two batches of each cream were found to be suitable for inclusion into a
viscosity specification. Analysis of these batches revealed a progressive increase in
viscosity with cream hardening occurring in most creams throughout the screening period.
Thus a useful prediction of the change in viscosity with long-term storage was achieved,
which will allow for a more robust and realistic viscosity specification to be set.
It can be recommended that for a thorough and complete characterization of cream
viscosity, a specification should incorporate all possible changes in viscosity measurement
that could occur for a particular product. This can be achieved by setting the lower and
upper limit of the specification according to the lowest and highest viscosity reading
obtained, respectively for a particular product. Thus a suitable specification for
Mometasone Cream can be established approximating between 7 000 mPa.s (obtained by
the 10% w/w beeswax formulation at T0) and 15 000 mPa.s (obtained by the 15% w/w
beeswax formulation at T3 at 25°C storage), when measured at a shear rate of 70 s-1.
Similarly, a range of 8 000 mPa.s (24% w/w total surfactant formulation at T0) to
14 000 mPa.s (26% w/w total surfactant formulation at T3 at 40°C storage) was decided
upon for Terbinafine Cream when measured at 20 s-1. At the same shear rate, a
specification of 6 000 mPa.s to 13 000 mPa.s (obtained from the 25% w/w emulsifying wax
formulation at T0 and T3 at 25°C storage, respectively) can be established. The above
specifications have only been set at one rate of shear since a complete depiction of product
viscosity, with all possible deviations that could arise at this shear rate, has already been
determined as described in this study. In addition, this method would facilitate ease of
interpretation of viscosity results for a particular product. It should be noted that these
specifications, based on viscosity as well as appearance, are considerably narrower than the
ranges currently in use for testing the above creams, current limits being 75 000 –
150 000 mPa.s for Mometasone Cream and 20 000 – 60 000 mPa.s for Terbinafine Cream
when using a single-point viscometer method. This would facilitate greater control in
product manufacture and testing with better quality products being manufactured.
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The following method is therefore recommended when setting viscosity specifications for
cream formulations during product development:
· Prepare 6 batches (1 kg size) of the cream by decreasing or increasing the
concentration of wax components in the formulation so that viscosities ranging from
acceptably low to acceptably high values, in terms of appearance, texture and
consistency, can be obtained. A generic company may use the innovator product as
a benchmark for this step.
· Analyse each batch using the viscosity curve test employing a shear rate range of
0 – 120 s-1 at a set temperature. From the viscosity curve, identify a shear rate
region at which the greatest differentiation between individual batch viscosities can
be found. The shear rate selected can be used for future batch testing.
· In order to eliminate unstable batches from the specification, it is recommended that
each batch be assessed in accordance with International Conference on
Harmonisation (ICH) stability testing conditions (5°C ± 3°C; 25°C ± 2°C / 60%
Relative Humidity (RH) ± 5% RH; 40°C ± 2°C / 75% RH ± 5% RH) for a period
corresponding to the intended shelf-life of the product (ICH Harmonised Tripartite
Guideline, 2000).
· Preliminary specifications based on the viscosity of the creams can be established,
with upper and lower specification limits being established based upon acceptable
stability, appearance, feel and consistency.
· A final specification is established upon completion of the full stability study.
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CHAPTER 4
ESTABLISHING A METHOD FOR THE ASSESSMENT OF CREAM STABILITY
4.1  Introduction
Most cream formulations are typically emulsions of the oil-in-water type. These semisolid
emulsion systems are complex polydispersed gels in which surfactants interact with
themselves and with the lipophilic or hydrophilic phase. (Eccleston, 1986a) Successful
planning and formulation of pharmaceutical emulsion systems demands good knowledge of
mechanisms which cause processes of physical instability, such as flocculation,
sedimentation, coalescence, gravitational separation, creaming and disproportionation
(Rieger, 1982 and 1991; Gašperlin et al., 1998). In order to observe and evaluate the extent
of instability there is still no quick and reliable method to be useful and sensitive enough to
detect instabilities before they become visible. The schemes for stability testing of these
formulations are not absolute and hence a new plan needs to be created for each
formulation separately, with respect to its composition. Many comparisons with similar
systems whose stability is known are therefore also necessary. (Gašperlin et al., 1998)
Stress conditions are routinely employed by formulators for the rapid assessment of
emulsion stability. Raising the temperature of a system is a time-tested technique used to
speed up chemical reactions. Viscosity, as a rule, is lowered by heating and thus the
likelihood of particles encountering each other by Brownian movement is enhanced.
Lowering the viscosity of the continuous or disperse phase increases the probability of
coalescence on impact, while under stationary conditions, lowering the viscosity can be
expected to lead to more rising or settling of a system. In so doing, the physical stability of
the emulsion is adversely affected by heating. (Rieger, 1991) Rieger (1991) has also
suggested that properly conducted dynamic rheological studies could serve as stress
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conditions used to detect early signs of instability, since changes in rheological
characteristics of macroemulsions represent important early warnings of impending product
failure. He described the use of oscillatory studies as the most powerful and sensitive
technique for studying the viscoelasticity of macroemulsions, since emulsion response to
vibration at low frequency can affect coalescence in various macroemulsions and the nature
of the changes preceding coalescence can be readily used to predict the long-term stability
of emulsified preparations.
The aim of this study was therefore to investigate the use of rheological testing in the
analysis of the viscoelastic and physical changes of 3 oil-in-water cream formulations,
namely Mometasone Cream, Ketoconazole Cream and Cetomacrogol Cream. Stress
conditions, including varying temperature storage conditions, and oscillatory tests shall be
utilised, with the ultimate objective being to establish a suitable method for predicting
cream stability.
4.2  Methodology
4.2.1  Materials
The materials used for the preparation of the Mometasone Cream were the same as used in
the chapter 3 of this study.
Ketoconazole (Esteve Quimaca, South Africa), Cetyl Alcohol (Lionheart, South Africa),
Stearyl Alcohol (Lionheart, South Africa) and Propylene Glycol (Lanxess, USA) were used
in the preparation of the Ketoconazole Cream. In addition, a combination of four
surfactants, named G, H, I and J, were also included in the formulation and the cream
preserved with a suitable preservative.
Cetomacrogol Emulsifying Wax (Croda Chemicals, South Africa), White Soft Paraffin
(Castrol, South Africa), Liquid Paraffin (Engen Petroleum, South Africa) and Chlorocresol
(CJ Petrow Chemicals, South Africa) were used for the preparation of the Cetomacrogol
Cream.
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All materials used were either of B.P., E.P. or U.S.P grade.
4.2.2  Cream Preparation
Two 1 kg batches of each cream were prepared. One batch was prepared so that it displayed
poor stability characteristics such as phase separation and lack of acceptable texture and
consistency, while the other batch was manufactured to display good physical perception of
stability and character. This latter batch was therefore used as a reference control standard
for the other batch (Rieger, 1991; Gašperlin et al., 1998). This was achieved by varying the
amount of wax content or surfactant content in each cream.
The Mometasone Cream was prepared using the same formulation as detailed in Chapter 3
of this study. The amount of wax content used in the manufacture of cream was varied in
the rank order of 2% w/w and 15% w/w. It was found that the formulation containing
15% w/w beeswax displayed good texture and consistency throughout a 3-month analysis
period (refer 3.3.6.1). It was for this reason that this formulation was chosen as the batch to
represent desirable stability properties. It was also found that the 2% w/w beeswax
formulation underwent phase separation a few days after manufacture of the cream (refer
3.3.6.1) and thus this batch was selected to represent a cream that would display poor
stability characteristics.
The formulation of the Ketoconazole Cream is shown in Table 4.1. The cream consisted of
a combination of surfactants and the formulation selected to exhibit desirable stability and
consistency contained a total surfactant concentration of 3% w/w. In order to manufacture a
batch with poor stability, the total surfactant concentration was reduced to a third of that
used in the initial formulation, as shown in Table 4.2.
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Table 4.1: Ketoconazole Cream formulation.
Ingredients % w/w
Ketoconazole 2.00
Cetyl Alcohol 8.00
Stearyl Alcohol 6.00
Preservative 0.40
Surfactant G 2.01
Surfactant H 0.33
Surfactant I 0.33
Surfactant J 0.33
Propylene Glycol 16.00
Purified Water 64.20
Table 4.2: Variation in surfactant concentration for Ketoconazole Cream formulations.
Surfactant G
(% w/w)
Surfactant H
(% w/w)
Surfactant I
(% w/w)
Surfactant J
 (% w/w)
Total Surfactant
Concentration
(% w/w)
2.01 0.33 0.33 0.33 3.00
0.67 0.11 0.11 0.11 1.00
The Cetomacrogol Cream was prepared according to Formula A as found in The
Pharmaceutical Codex (1979) and is depicted in Table 4.3.
Table 4.3: Cetomacrogol Cream formulation.
Ingredients % w/w
Cetomacrogol Emulsifying Ointment 30.0
Chlorocresol 0.01
Purified Water 69.9
The Cetomacrogol Emulsifying Ointment consisted of the following ingredients (Table
4.4):
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Table 4.4: Cetomacrogol Emulsifying Ointment formulation.
Ingredient % w/w
Cetomacrogol Emulsifying Wax 30
White Soft Paraffin 50
Liquid Paraffin 20
The amount of Cetomacrogol Emulsifying Wax was altered to obtain batches with varying
degrees of stability. The above formulation containing 30% w/w cetomacrogol emulsifying
wax was taken as the batch to represent a stable cream. To manufacture a batch with poor
stability, the amount of wax was decreased to a 10% w/w concentration and manufactured
according to the pharmacopoeial formulation (The Pharmaceutical Codex, 1979).
For all creams, each batch was prepared by melting the wax components at approximately
70°C before adding the hydrophilic phase, heated to the same temperature. The mixture
was homogenized using a high-speed turbine mixer (Siverson L2R, Waterside, Chesham,
Bucks, England) and allowed to cool to room temperature (25°C). The cream base of the
Ketoconazole Cream was allowed to cool to approximately 45°C before adding the active
ingredient, separately dissolved in the propylene glycol at approximately 45°C. The cream
was then cooled to approximately 25°C with mixing. A rest period of at least 24 hours was
observed before further analysis, in order to allow the creams to fully equilibrate in
structure (Rieger, 1991).
4.2.3  Stability Protocol
A study was performed to determine the stability of the above oil-in-water creams. After
manufacture the creams were exposed to storage temperatures of 25°C and 40°C. The
duration of the study was 3 months. This period was subdivided into 1-month sampling
intervals, namely Time 0, 1, 2 and 3. Analysis of the creams at T0 occurred after the initial
24-hour rest period observed after manufacture. At each sampling interval, the appearance
of the individual batches was assessed in terms of consistency and texture and various
rheological tests were performed to analyse the stability of the formulations. These
included viscosity curves, oscillatory tests and thixotropic oscillation tests as outlined in
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sections 4.2.4.1 to 4.2.4.3 below. Thermal stability tests were also performed but only at T0.
These tests were performed in order to simulate variations in temperature often associated
with accelerated stability testing procedures utilizing high temperature storage conditions.
By assessing the temperature sensitivity of the creams, it is hoped that an adequate
prediction of possible structural stability changes can be obtained.
4.2.4  Analysis
Rheological measurements were conducted using a Haake RS1 controlled stress /
controlled rate, air-bearing rheometer (Karlsruhe, Germany) in conjunction with cone-plate
geometry (60 mm diameter, 1° cone angle, gap width of 53 µm). For all measurements
samples of cream were taken randomly from each batch using a stainless steel spatula,
being careful to avoid any unnecessary disruption of cream structure. Each sample was
carefully placed onto the measuring plate of the rheometer, ensuring that a correct gap-fill
would be obtained (refer 3.2.3.1). In order for the cream samples to fully equilibrate in
temperature and structure upon application onto the measuring plate, a 600 s time interval
was allowed prior to rheological testing.
4.2.4.1  Viscosity Curves
Viscosity curves were performed on all cream batches throughout the 3-month storage
period at 25°C and 40°C. These were obtained over the shear rate range of 0 – 120 s-1 with
60 data points being collected over a period of 60 s.
4.2.4.2  Oscillation Tests
Oscillatory test procedures were also performed on the creams. These included oscillation-
amplitude sweeps and oscillation-frequency sweeps. Amplitude sweeps were performed in
CS mode over the shear stress range of 0 – 200 Pa at a frequency of 1 Hz at 25°C. During
each sweep, 20 data points were collected. The deformation (?) experienced by each sample
as a result of the shear stress placed on it was then obtained and plotted against values of
storage (G’) and loss (G”) moduli also attained. A double-logarithmic axis was used and
the linear viscoelastic (LVE) range, that is, the deformation range over which the storage
modulus values remain relatively linear and constant, was calculated. It is in this
Establishing a Method for Assessing Cream Stability
- 120 -
deformation range that viscoelastic samples are tested in their rheological “ground state”,
where sample structure is not destroyed and an indication of intermolecular and
interparticle forces can be obtained (Martin et al., 1983; Adeyeye et al., 2002). Thus, in
order for oscillatory tests to be useful, analyses are performed within the LVE range
(Mezger, 2002). A single deformation value was therefore chosen from within the LVE
range of the oscillation-amplitude sweep and then used in succeeding oscillatory tests for
further analysis of sample stability.
Oscillation-frequency sweeps were performed in controlled-deformation (CD) mode using
the deformation value taken from within the LVE region of the corresponding oscillation-
amplitude sweep. Frequency ranges of 0.1 to 100 Hz (3 decades) were used to analyse each
sample with 6 data points being collected per decade of frequency.
4.2.4.3  Thixotropic Step Tests
Thixotropic step tests were then performed in CD mode. This test, also known as the three-
step interval test, utilizes oscillatory measurements within and outlying the LVE range, that
is, an initial interval with a small deformation (within the LVE range) being exerted onto
the sample followed by a second interval applying a large deformation that will essentially
destroy the structure of the sample. This was then followed by a third interval where the
initial, small deformation was applied to the sample once again. It is during this last step
that the elastic character of the sample will try to regain its structure and thus an indication
of the extent and time to recovery of the sample can be obtained. Each step consisted of an
oscillation-time curve performed at a frequency of 1 Hz at a temperature of 25°C. The first
interval was run over a time period of 120 s followed by the high-deformation period for
30 s. The final step was run over 300 s to allow sufficient time for structural recovery.
4.2.4.4  Thermal Stability Tests
The thermal stability tests consisted of two types of temperature ramps, namely, a
temperature cycle test and temperature step tests. During the temperature cycle test a
constant deformation from within the LVE region of each cream sample was applied at a
frequency of 1 Hz. The temperature was increased linearly from 25°C to 40°C over a
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period of 500 s with 20 data points being collected during this time. Thereafter, the
temperature was decreased back to 25°C with the same parameters being used. Thus the
heating and cooling rates were kept constant at 1.8°C / minute. The loop was repeated twice
more at the same heating / cooling rate and oscillatory frequency of 1 Hz. Two temperature
step tests were employed during the analysis of the creams, each differing in respect of the
maximum temperature attained during the upward step, namely, 40°C and 60°C. At the
start of 40°C step, the cream sample was kept at a constant temperature of 25°C for 300 s.
This was subsequent to the initial equilibration time of 600 s at 25°C. Thereafter, the
temperature was increased in a linear fashion to 40°C over a period of 900 s with 20 data
points being collected during this step. Thus a heating rate of 1°C / minute was employed.
The sample was then kept at 40°C for 30 minutes before reducing the temperature back to
25°C at a cooling rate of 1°C / minute. The sample was then analysed for a further 30
minutes at 25°C before completing the test. Throughout the test, a constant deformation,
lying within the LVE region of each sample, was applied at an oscillatory frequency of 1
Hz. The second temperature step was performed in a similar manner, this time following
the temperature profile of 25°C - 60°C - 25°C. Here the heating and cooling rate was set at
3°C / minute, however, the samples were only analysed for a period of 600 s during the
second and third steps at 60°C and 25°C, respectively. This was done to avoid placing an
excessive workload onto the Peltier temperature control system of the rheometer, since long
periods at a high temperature can decrease the effectiveness of the element (Mezger, 2002).
4.2.5  Statistical Analysis
All measurements were performed in triplicate. However, only single measurements were
performed for the thermal stability tests due to the time-consuming nature of these tests.
Statistical analysis comprised of calculating mean values, standard deviations and relative
standard deviations using the software application Microsoft Excel®. A student t-test was
also performed using the software package Statistica® (Version 6.0), comparing means
(viscosities, frequencies and thixotropies) at each sampling interval, and significant
differences defined as a p value of < 0.05.
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4.3  Results and Discussion
4.3.1  Assessment of Physical Appearance
The physical appearance of all cream formulations was evaluated at 1-month intervals
throughout the storage period. The changes noted in the Mometasone Cream, Ketoconazole
Cream and Cetomacrogol Cream batches are summarized in Tables 4.5, 4.6 and 4.7,
respectively.
Table 4.5: Appearance characteristics of Mometasone Cream formulations during 3 months storage
at 25°C and 40°C.
Mometasone Cream Formulations
15% w/w Beeswax 2% w/w BeeswaxTime
25°C 40°C 25°C 40°C
T0
White to off-white cream; thick
consistency.
Smooth, white cream; liquid consistency.
T1
No change in
colour, but cream
appears slightly
thicker.
Slight waxy layer
present on top of
sample, but
homogenous
consistency
throughout rest of
sample.
Leakage present;
no change in
colour.
Yellow-white
liquid top-layer
present; later
hardened to form
thick, waxy layer.
T2
No change in
colour or
consistency.
Smooth, thick
cream; no change
in colour; wax
layer still present.
Separation still
present, cream
appears soft and
grainy.
Excessive leaking
present; translucent
top layer with a
soft, porous,
yellow-white
bottom layer.
T3
No change in
colour; cream
appears much
thicker.
Yellow wax layer
still evident on top
of sample; cream is
very viscous.
Cream appears
thicker but sporadic
leakages still
present.
Liquid exudate still
evident.
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It was noted in the 2% w/w beeswax formulation that slight exudate formation had occurred
during the first week of storage at both temperatures, where a translucent to yellow liquid
layer had appeared at the top of the cream. This phenomenon intensified throughout the
storage period.
Table 4.6: Appearance characteristics of Ketoconazole Cream formulations during 3 months
storage at 25°C and 40°C.
Ketoconazole Cream Formulations
3% w/w Total Surfactant 1% w/w Total SurfactantTime
25°C 40°C 25°C 40°C
T0 White, smooth cream; good consistency. Very runny, foamy, white cream.
T1
No change in
colour, smooth
texture and good
consistency.
Cream appears
“fluffy” and
aerated. Sticky or
“gummy” top layer;
good texture.
Phase separation
near bottom of
sample – top layer
still quite soft.
Phase separation
apparent – clear
bottom layer and
porous, soft, top
layer.
T2
Soft, smooth cream
with good texture
and feel.
Cream appears
more porous, but
still has good
consistency, though
it appears slightly
thicker.
Phase-separation
still evident.
Phase-separation
still evident;
slightly aerated,
thicker top layer
and clear bottom
layer.
T3
No change in
colour or
consistency, but
cream appears
porous.
Very porous and
aerated but no
separation present.
Separation still
present, cream
exhibits very low
viscosity.
Phase separation
still present, top
layer appears more
viscous.
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Table 4.7: Appearance characteristics of Cetomacrogol Cream formulations during 3 months
storage at 25°C and 40°C.
Cetomacrogol Cream Formulations
30% w/w Cetomacrogol Emulsifying
Wax
10% w/w Cetomacrogol Emulsifying
Wax
Time
25°C 40°C 25°C 40°C
T0 White, smooth cream; good consistency. Smooth, white cream; low viscosity.
T1
No change in
colour; still has
good consistency
and texture.
No change in
colour; still has
good consistency
and texture.
Soft, smooth
cream, low
viscosity, no sign
of separation.
Phase separation
present with a clear
bottom layer and
white, waxy top
layer.
T2
Smooth, white
cream, no sign of
phase separation,
good texture and
consistency.
Smooth, white
cream, no sign of
phase separation,
good texture and
consistency.
Very thin and
runny cream, quite
porous.
Evident phase
separation with
clear bottom layer
and aerated, porous
top layer.
T3
Good feel and
consistency, no
evidence of
separation.
Slight turbidity
(yellowish layer)
on top of sample,
but otherwise good
consistency and
feel.
Low viscosity
cream; quite porous
and “fluffy”. Slight
skin formation on
top of sample.
Phase separation –
porous, waxy top
layer, bottom layer
still clear.
These differences in physical stability between batches of individual creams are therefore
crucial when developing tests used to predict the stability of these creams, since the results
of these tests should correlate well with the actual observed stability of the cream batches.
4.3.2  Viscosity Curves
The viscosity curves measured for the 15% w/w beeswax formulation of Mometasone
Cream at 25°C and 40°C storage are shown in Figures 4.1 and 4.2, respectively.
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Figure 4.1: Viscosity curves of Mometasone Cream (15% w/w beeswax content) recorded over a
period of 3 months storage at 25°C (n = 3).
  
Figure 4.2: Viscosity curves of Mometasone Cream (15% w/w beeswax content) recorded over a
period of 3 months storage at 40°C (n = 3).
Establishing a Method for Assessing Cream Stability
- 126 -
Similar tests were performed on the other cream formulations as well. Thereafter, a shear
rate of 20 s-1 was then chosen to analyse the viscosities of the formulations, since this was a
shear rate at which the greatest deviation in viscosity was obtained between individual
cream batches. Table 4.8 displays the mean viscosities, standard deviations and relative
standard deviations produced by this batch throughout the testing period, while Table 4.9
summarizes the viscosity results obtained for the 2% w/w beeswax batch. Figure 4.3
provides a graphical representation of this data.
Table 4.8: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Mometasone Cream
(15% w/w beeswax content) during a period of 3 months storage at 25°C and 40°C (n = 3).
25°C 40°C
Time
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
T0 26 080.00 ± 459.02 1.76 26 080.00 ± 459.02 1.76
T1 28 033.33 ± 181.75 0.65 28 930.00 ± 720.62 2.49
T2 27 823.33 ± 3 128.26 11.24 29 310.00 ± 2 631.29 8.98
T3 36 003.33 ± 9 230.81 25.64 26 280.00 ± 2 384.34 9.07
SD, standard deviation; RSD, relative standard deviation, expressed as a percentage
Table 4.9: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Mometasone Cream
(2% w/w beeswax content) during a period of 3 months storage at 25°C and 40°C (n = 3).
25°C 40°C
Time
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
T0 10 553.33 ± 215.72 2.04 10 553.33 ± 215.72 2.04
T1 13 796.67 ± 1 618.53 11.73 10 856.67 ± 679.29 6.26
T2 18 473.33 ± 7 157.55 38.75 10 930.00 ± 391.54 3.58
T3 21 056.67 ± 5 382.43 25.56 10 867.00 ± 1 249.26 11.50
SD, standard deviation; RSD, relative standard deviation, expressed as a percentage
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Figure 4.3: Change in viscosity at a shear rate of 20 s-1 for Mometasone Cream formulations
containing 15% w/w and 2% w/w beeswax content during 3 months storage at 25°C and 40°C
(n = 3).
The Ketoconazole Cream formulations containing 3% w/w and 1% w/w total surfactant
content yielded viscosity values as displayed in Tables 4.10 and 4.11, respectively. A
graphical representation of this data is depicted in Figure 4.4. Similarly, Tables 4.12 and
4.13 depict the viscosity readings measured for the 30% w/w and 10% w/w cetomacrogol
emulsifying wax formulations of Cetomacrogol Cream, with Figure 4.5 representing them
graphically.
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Table 4.10: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Ketoconazole
Cream (3% w/w total surfactant content) during a period of 3 months storage at 25°C and 40°C
(n = 3).
25°C 40°C
Time
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
T0 4 461.67 ± 120.74 2.71 4 461.67 ± 120.74 2.71
T1 5 874.67 ± 58.73 1.00 6 150.00 ± 163.59 2.66
T2 6 066.00 ± 123.56 2.04 6 892.33 ± 701.52 10.18
T3 6 265.00 ± 171.52 2.74 7 705.00 ± 346.68 4.50
SD, standard deviation; RSD, relative standard deviation, expressed as a percentage
Table 4.11: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Ketoconazole
Cream (1% w/w total surfactant content) during a period of 3 months storage at 25°C and 40°C
(n = 3).
25°C 40°C
Time
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
T0 504.00 ± 17.77 3.53 504.00 ± 17.77 3.53
T1 1 451.67 ± 225.85 15.56 739.03 ± 56.90 7.70
T2 1 119.50 ± 336.24 30.03 713.70 ± 236.01 33.07
T3 1 098.33 ± 87.16 7.94 313.83 ± 98.38 31.35
SD, standard deviation; RSD, relative standard deviation, expressed as a percentage
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Figure 4.4: Change in viscosity at a shear rate of 20 s-1 for Ketoconazole Cream formulations
containing 3% w/w and 1% w/w total surfactant content during 3 months storage at 25°C and 40°C
(n = 3).
Table 4.12: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Cetomacrogol
Cream (30% w/w cetomacrogol emulsifying wax content) during a period of 3 months storage at
25°C and 40°C (n = 3).
25°C 40°C
Time
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
T0 7 868.67 ± 158.93 2.02 7 868.67 ± 158.93 2.02
T1 7 096.00 ± 211.85 2.99 9 208.33 ± 643.84 6.99
T2 7 363.67 ± 366.84 4.98 10 419.67 ± 1 170.15 11.23
T3 7 063.33 ± 523.73 7.41 11 090.00 ± 52.92 0.48
SD, standard deviation; RSD, relative standard deviation, expressed as a percentage
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Table 4.13: Mean values, SD and RSD of viscosity at a shear rate of 20 s-1, for Cetomacrogol
Cream (10% w/w cetomacrogol emulsifying wax content) during a period of 3 months storage at
25°C and 40°C (n = 3).
25°C 40°C
Time
Mean Viscosity ± SD (mPa.s) RSD Mean Viscosity ± SD (mPa.s) RSD
T0 2 192.33 ± 80.08 3.65 2 192.33 ± 80.08 3.65
T1 1 775.33 ± 114.79 6.47 10 576.67 ± 426.65 4.03
T2 1 876.67 ± 59.34 3.16 7 922.67 ± 3 451.89 43.57
T3 1 803.00 ± 85.46 4.74 10 483.67 ± 1 599.90 15.26
SD, standard deviation; RSD, relative standard deviation, expressed as a percentage
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Figure 4.5: Change in viscosity at a shear rate of 20 s-1 for Cetomacrogol Cream formulations
containing 30% w/w and 10% w/w cetomacrogol emulsifying wax content during 3 months storage
at 25°C and 40°C (n = 3).
Both the 15% w/w and 2% w/w beeswax formulations of Mometasone Cream displayed an
increase in viscosity during storage at 25°C, with only the 2% w/w formulation showing
any statistical significance (p = 0.027). Both batches displayed insignificant changes in
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viscosity at 40°C. The 3% w/w total surfactant formulation of Ketoconazole Cream
increased significantly in viscosity at both 25°C and 40°C after 3 months, approximately
1 800 mPa.s (p = 0.00018) and 3 200 mPa.s (p = 0.0001), respectively. The 1% w/w batch,
however, only increased slightly at 25°C (approximately 600 mPa.s (p = 0.0003) after 3
months), while at 40°C, the viscosity initially increased to 739.03 mPa.s (p = 0.002) at T1
but thereafter reduced approximately 420 mPa.s (p = 0.003) to 313.83 mPas after 3 months.
Larger RSDs were recorded for the 1% w/w batch than the 3% w/w formulation throughout
the testing period. This could therefore be an indication of inhomogeneous conditions in the
1% w/w total surfactant cream structure, which correlates well with its physical appearance
(see Table 4.6) since phase separation had occurred after 1 month of storage at both
temperatures. The viscosity-time curves of both the 30% w/w and 10% w/w cetomacrogol
emulsifying wax batches of Cetomacrogol Cream remained relatively constant throughout
the 3 month period at 25°C, however, the viscosities increased significantly at 40°C
storage. The 30% w/w formulation increased approximately 3 200 mPa.s (p < 0.00001)
after 3 months at 40°C, whereas the 10% w/w batch underwent a significant increase in
viscosity at T1 (approximately 8 400 mPa.s (p < 0.0001)), which later stabilized at
10 483.67 mPa.s after 3 months. Yet again, RSDs calculated for the 10% w/w batch were
greater (maximum RSD of 43.57% at T2 at 40°C) than those recorded for the 30% w/w
formulation.
4.3.3  Oscillation-Amplitude Sweeps
An oscillation-amplitude sweep is an oscillatory test with variable amplitude and constant
frequency values. Here “sweep” refers to a function with a variable parameter. Amplitude
sweeps do not examine the sample in a state of rest and are mostly carried out for the sole
purpose of determining the limit of the linear viscoelastic (LVE) range. Figure 4.6 depicts a
typical profile of an amplitude sweep with the resultant G’ and G” curve measurements.
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Figure 4.6: Variation in amplitudes of controlled-deformation (?) to produce an amplitude sweep
(a); G’ and G” curves with the limiting value (?L) of the LVE deformation range (b). Source:
Adapted from Mezger (2002)
As long as the amplitudes remain below the limiting deformation value, ?L (L stands for
limiting value), the G’ and G” curves show a constantly high plateau value, that is, the
structure of the sample is stable under the low deformation condition. At amplitudes higher
than ?L, the limit of the LVE range is exceeded and the structure of the sample has already
been irreversibly changed or even completely destroyed. (Mezger, 2002)
There are several options for determining the limit of the LVE range. In most cases the
G’(?) function is taken for the analysis because the G’ curve almost always falls before the
G” curve, leaving the LVE range. A visual / manual analysis may be utilized whereby the
user observes the G’ curve and decides at which limiting value it falls noticeably. A straight
line, known as the “analysis tangent”, can be drawn along the level of the plateau value to
make visual analysis easier. Secondly, a bandwidth of the tolerable G’ values can be
defined by the user, usually expressed as a percentage deviation of the plateau value, for
example, 5% or 10%. Thus if the selected deviation tolerance is higher than the selected
percentage of the plateau value, these values can be considered to lie outside the LVE
range. A limiting value of ?L = 1% has typically been used as a rough guide to estimate the
limiting deformation for materials with networks exhibiting physical superstructures or
(a) (b)
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chemical cross-linking such as dispersions (suspensions, emulsions, foams or gels).
(Mezger, 2002)
The deformation behaviour outside the LVE range is referred to as non-linear. Leaving the
LVE range is therefore signalled by not only a falling G’ curve but also a significant
increase in the G” curve. In both cases the range of irreversible deformation is reached. For
this reason rheological analysis is usually carried out using test data from the LVE range
only. This applies to both quality control tests and scientific investigations to determine the
stability of a sample. In other words, analysis is performed in the reversible deformation
range, in which the rheological parameters show constant values. In terms of dispersions,
inhomogeneous deformation behaviour and therefore wall-slipping effects and separation
can be expected when leaving the LVE range. (Mezger, 2002)
The oscillation-amplitude sweeps recorded for the 15% w/w and 2% w/w beeswax
formulations at T0 are shown in Figures 4.7 and 4.8, respectively. The linear viscoelastic
(LVE) deformation range for the 15% w/w beeswax formulation extended from
approximately 0.0069% to 0.1027%, whilst that of the 2% w/w batch ranged from
approximately 0.0069% to 0.0429%. These values were obtained using the manual analysis
technique described above. Amplitude sweeps were performed at each sampling interval
throughout the 3-month stability study and the resultant upper and lower limits of the LVE
ranges together with the resultant magnitude of these ranges are summarized in Tables 4.14
and 4.15.
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Figure 4.7: Oscillation-amplitude sweep of Mometasone Cream (15% w/w beeswax concentration)
performed at 25°C at T0.
Figure 4.8: Oscillation-amplitude sweep for Mometasone Cream (2% w/w beeswax concentration)
performed at 25°C at T0.
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Table 4.14: Linear viscoelastic (LVE) ranges for Mometasone Cream (15% w/w beeswax) at
temperatures of 25°C and 40°C throughout the 3-month testing period.
LVE Range (% Deformation)
25°C 40°CTime
Lower Limit Upper Limit Difference Lower Limit Upper Limit Difference
T0 0.0069 0.1027 0.0958 NTP NTP NTP
T1 0.0056 0.0957 0.0901 0.0188 0.1129 0.0941
T2 0.0178 0.1340 0.1162 0.0060 0.0977 0.0917
T3 0.0106 0.1387 0.1281 0.0179 0.1402 0.1223
NTP: No Test Performed at 40°C (T0), all measurements obtained in succeeding months at 40°C
were compared to 25°C (T0) values
Table 4.15: Linear viscoelastic (LVE) ranges for Mometasone Cream (2% w/w beeswax) at
temperatures of 25°C and 40°C throughout the 3-month testing period.
LVE Range (% Deformation)
25°C 40°CTime
Lower Limit Upper Limit Difference Lower Limit Upper Limit Difference
T0 0.0069 0.0429 0.0036 NTP NTP NTP
T1 0.0059 0.0615 0.0556 0.0097 0.0648 0.0551
T2 0.0264 0.0919 0.0655 0.0057 0.0839 0.0782
T3 0.0129 0.1098 0.0969 0.0299 0.1794 0.1495
NTP: No Test Performed at 40°C (T0), all measurements obtained in succeeding months at 40°C
were compared to 25°C (T0) values
According to Kutschmann (2003), a higher stability is generally expected from products
with a wide viscoelastic region. Thus if the measured LVE regions of each cream increased
over the 3-month period, an increased stability should be observed as well. From the above
results, the magnitude of the LVE regions of both batches increased throughout the 3-month
period at both 25°C and 40°C storage. The 2% w/w batch in particular increased quite
considerably after 1 month of storage at 40°C. This implies that the physical stability of the
creams would have increased as well. However, it was found upon visual analysis (Table
4.5) that this batch displayed exudate formation only a few days after manufacture.
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Analysis at month 1 (T1) showed that the top layer had in fact become quite hard and waxy,
which persisted throughout the testing period. It is thus possible that the amplitude sweep
was only testing the top layer of this cream and due to its hardened nature accounted for a
larger LVE range in terms of storage (elastic) modulus values. The higher viscosity found
after 3 months at 25°C in both the 15% w/w and 2% w/w formulations (Figure 4.3) could
similarly account for the wider LVE regions obtained for these creams.
The oscillation-amplitude sweeps recorded for the 3% w/w and 1% w/w total surfactant
content formulations of Ketoconazole Cream were obtained in a similar manner as that of
the Mometasone Cream batches and the resultant LVE deformation ranges for both
formulations throughout the 3-month period are summarized in Tables 4.16 and 4.17,
respectively.
Table 4.16: Linear viscoelastic (LVE) ranges for Ketoconazole Cream (3% w/w total surfactant
content) at temperatures of 25°C and 40°C throughout the 3-month testing period.
LVE Range (% Deformation)
25°C 40°CTime
Lower Limit Upper Limit Difference Lower Limit Upper Limit Difference
T0 0.0020 0.1009 0.0989 NTP NTP NTP
T1 0.0443 0.1013 0.0570 0.0136 0.2739 0.2603
T2 0.0066 0.0859 0.0793 0.0058 0.0853 0.0795
T3 0.0044 0.0593 0.0549 0.0053 0.1100 0.1047
NTP: No Test Performed at 40°C (T0), all measurements obtained in succeeding months at 40°C
were compared to 25°C (T0) values
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Table 4.17: Linear viscoelastic (LVE) ranges for Ketoconazole Cream (1% w/w total surfactant
content) at temperatures of 25°C and 40°C throughout the 3-month testing period.
LVE Range (% Deformation)
25°C 40°CTime
Lower Limit Upper Limit Difference Lower Limit Upper Limit Difference
T0 0.1066 0.2610 0.1544 NTP NTP NTP
T1 0.0266 0.0914 0.0648 0.0102 0.1288 0.1186
T2 0.0153 0.0388 0.0235 0.0165 0.1821 0.1656
T3 0.0309 0.1236 0.0927 0.0090 0.1452 0.1362
NTP: No Test Performed at 40°C (T0), all measurements obtained in succeeding months at 40°C
were compared to 25°C (T0) values
For both formulations, the values obtained at 40°C storage were higher than the 25°C
measurements throughout the 3-month testing period. This could be attributed to a
dehydration effect occurring in the creams at the higher storage temperature. The above
results could also be attributed to a thickening of the cream sample in the 1% w/w
formulation (refer Table 4.6), since once removed from the storage temperature of 40°C, it
was allowed to cool to room temperature before being analysed. This had the effect of
hardening the separated top layer of the cream and thus resulting in the increasing the LVE
ranges measured for this cream. Phase separation of creams may therefore affect amplitude
measurements since only one layer may be tested at a time resulting in inaccurate results
being obtained. At the same time the 3% w/w batch showed higher viscosity values at 40°C
than at 25°C (refer Figure 4.4), which could also have resulted in wider LVE regions being
measured at this temperature than at 25°C. A sharp rise in the measured LVE region of the
3% w/w batch occurred at T1 at 40°C, which then decreased in the following months. This
sudden increase at T1 could be due to the presence of a slightly viscous skin formation on
the top of the sample at this time. However, there does not seem to be any correlation of
increased LVE range magnitude with the increased viscosity obtained by this formulation
throughout the duration of the study. The 1% w/w batch also varied in LVE range over time
at both temperatures and no association with physical appearance or viscosity can be
established.
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The LVE deformation ranges from oscillation-amplitude sweeps of the 30% w/w and
10% w/w cetomacrogol emulsifying wax formulations of Cetomacrogol Cream throughout
the 3-month period are summarized in Tables 4.18 and 4.19, respectively.
Table 4.18: Linear viscoelastic (LVE) ranges for Cetomacrogol Cream (30% w/w cetomacrogol
emulsifying wax content) at temperatures of 25°C and 40°C throughout the 3-month testing period.
LVE Range (% Deformation)
25°C 40°CTime
Lower Limit Upper Limit Difference Lower Limit Upper Limit Difference
T0 0.0017 0.6594 0.6577 NTP NTP NTP
T1 0.0171 0.9290 0.9119 0.0110 0.4107 0.3997
T2 0.0068 0.5828 0.5760 0.0076 0.5367 0.5291
T3 0.0099 0.4744 0.4645 0.0119 0.6328 0.6209
NTP: No Test Performed at 40°C (T0), all measurements obtained in succeeding months at 40°C
were compared to 25°C (T0) values
Table 4.19: Linear viscoelastic (LVE) ranges for Cetomacrogol Cream (10% w/w cetomacrogol
emulsifying wax content) at temperatures of 25°C and 40°C throughout the 3-month testing period.
LVE Range (% Deformation)
25°C 40°CTime
Lower Limit Upper Limit Difference Lower Limit Upper Limit Difference
T0 0.0074 0.3024 0.2950 NTP NTP NTP
T1 0.0085 0.1327 0.1242 0.0158 0.2850 0.2692
T2 0.0119 0.1202 0.1083 0.0068 0.0706 0.0638
T3 0.0102 0.1379 0.1277 0.0138 0.0377 0.0239
NTP: No Test Performed at 40°C (T0), all measurements obtained in succeeding months at 40°C
were compared to 25°C (T0) values
At 40°C, the measured LVE ranges of the 10% w/w formulation decreased over 3 months,
while at 25°C they decreased initially but then stay reasonably steady after 1 month of
storage. The decrease in magnitude at the higher temperature shows good correlation
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to visual assessment of cream stability (refer Table 4.7) since phase separation had occurred
in this batch after 1 month of storage at 40°C and continued throughout the 3-month period.
The samples at 25°C, although displaying very low viscosity during the testing period, were
still relatively consistent in texture and feel and hence the width of the LVE ranges would
also remain moderately constant. The 30% w/w on the other hand, displayed an initial
increase in the measured LVE ranges at 25°C and a decrease in LVE range magnitude at
40°C. After T2, these values cross over with decreasing LVE ranges at 25°C and escalating
values at 40°C. They exhibit no clear correlation with visual evaluation or viscosity
analysis and therefore cannot be taken as an adequate assessment of cream stability.
In summary, both formulations of Mometasone Cream displayed increasing LVE ranges,
implying increased stability, at both temperatures over time. This does not correlate with
the observed decrease in physical stability of the 2% w/w batch. Similarly, the magnitude of
the LVE ranges measured for the Ketoconazole and Cetomacrogol creams presented no
distinct relationship with physical stability between the 1% w/w and 3% w/w total
surfactant content or between the 10% w/w and 30% w/w cetomacrogol emulsifying wax
content formulations, respectively.
4.3.4  Oscillation-Frequency Sweeps
An oscillation-frequency sweep is an oscillatory test with variable frequency and constant
amplitude values. The importance of frequency sweeps for industry is that here, time-
dependent shear behaviour is examined. Short-term behaviour is simulated by rapid
movements (at high frequencies) and long-term behaviour by slow movements (at low
frequencies). In addition, frequency sweeps can evaluate the consistency at rest or
separation behaviour of dispersions, that is, sedimentation, settling, flotation or syneresis.
(Mezger, 2002)
Before performing a frequency sweep, the limit ?L of the LVE range must be determined
for each unknown sample. Therefore an amplitude sweep must always be carried out first.
After this test, a suitable deformation value from within the LVE range is selected for
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inclusion in the frequency sweep. An example of a typical profile of a frequency sweep is
depicted in Figure 4.9.
                        
Figure 4.9: Frequency sweep displaying variable frequencies to be applied to a sample at a constant
amplitude of deformation (?A). Source: Mezger (2002)
Due to intermolecular interactive forces, most dispersions build up an internal network of
forces. Under load within the LVE range, a sample with a stable structure usually displays
G’ > G”; the elastic behaviour therefore dominates over the viscous behaviour and the
sample shows gel character. (Mezger, 2002) An unstable dispersion which tends to separate
would display increasing G” values until G” > G’, with viscous behaviour now
predominating over elastic behaviour (Stellrecht et al., 1999). Davis (1971a) has also
suggested that a “satisfactory” cream has G’ values that are considerably greater than
corresponding G” values. Analysis of the frequency sweeps for all three creams is detailed
below.
Frequency sweeps obtained at T0 (25°C) for both Mometasone Cream formulations are
displayed in Figures 4.10 and 4.11 as plots of frequency against storage (G’) and loss
modulus (G”).
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Figure 4.10: Oscillation-frequency sweeps for Mometasone Cream (15% w/w beeswax content)
performed at 25°C at T0 (n = 3).
Figure 4.11: Oscillation-frequency sweeps for Mometasone Cream (2% w/w beeswax content)
performed at 25°C at T0 (n = 3).
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The above diagrams can also be expressed as plots of loss factor (tan delta (d)) against
frequency. The loss factor represents the ratio of the loss modulus to the storage modulus
and provides a comparative parameter (refer Equation 2.5 from section 2.3.2.1.2) that
combines both the elastic and viscous contributions of a system (Davis, 1971a, Herh et al.,
1998 and Adeyeye et al., 2002). Thus tan d values less than 1 indicate predominant elastic
behaviour while tan d values greater than 1 indicate prevailing viscous behaviour (Mezger,
2002). Adeyeye et al. (2002) have gone further to state that tan d values greater than 3
indicates that particles are non-associated; 1 < tan d > 3 indicates that particles are weakly
associated and that tan d values less than 1 signifies highly associated particles. The loss
factors measured for the above cream samples are displayed in Figures 4.12 and 4.13,
respectively.
Figure 4.12: Oscillation-frequency sweeps expressed as loss factor (tan d) versus frequency for
Mometasone Cream (15% w/w beeswax content) performed at 25°C at T0 (n = 3).
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Figure 4.13: Oscillation-frequency sweeps expressed as loss factor (tan d) versus frequency for
Mometasone Cream (2% w/w beeswax content) performed at 25°C at T0 (n = 3).
Similarly, at each interval throughout the 3-month testing period, frequency sweeps were
expressed as loss factor plots for each sample. Analysis frequencies of 0.1 Hz, 5 Hz and
100 Hz were chosen in order to evaluate tan d values at low, medium and high frequencies,
respectively. The resulting measurements for the 15% w/w beeswax batch at 25°C and
40°C storage are summarized in Tables 4.20 and 4.21, respectively, while the mean tan d
values for the 2% w/w beeswax batch at 25°C and 40°C storage are displayed in Tables
4.22 and 4.23, respectively.
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Table 4.20: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Mometasone Cream (15% w/w beeswax content) during a period of 3 months storage at 25°C
(n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.5152 ± 0.0681 13.22 0.4410 ± 0.0564 12.79 0.3167 ± 0.0463 14.62
T1 0.2492 ± 0.0280 11.24 0.1966 ± 0.0226 11.50 0.2353 ± 0.0434 18.44
T2 0.2221 ± 0.0067 3.02 0.1234 ± 0.0147 11.91 0.1791 ± 0.0331 18.48
T3 0.2433 ± 0.1308 53.76 0.1377 ± 0.0372 27.02 0.1422 ± 0.0483 33.97
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 4.21: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Mometasone Cream (15% w/w beeswax content) during a period of 3 months storage at 40°C
(n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.5152 ± 0.0681 13.22 0.4410 ± 0.0564 12.79 0.3167 ± 0.0463 14.62
T1 0.3952 ± 0.0424 10.73 0.1998 ± 0.0101 5.06 0.2936 ± 0.2678 91.21
T2 0.3625 ± 0.0064 1.77 0.1990 ± 0.0036 1.81 0.2104 ± 0.0201 9.55
T3 0.4119 ± 0.0295 7.16 0.1923 ± 0.0128 6.66 0.2291 ± 0.0771 33.65
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 4.22: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Mometasone Cream (2% w/w beeswax content) during a period of 3 months storage at 25°C
(n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.4508 ± 0.0108 2.40 0.5039 ± 0.0277 5.50 0.5439 ± 0.0931 17.41
T1 0.2984 ± 0.0463 15.52 0.3946 ± 0.3918 99.29 0.1922 ± 0.1144 59.52
T2 0.1964 ± 0.0590 30.04 0.1272 ± 0.0530 41.67 0.2115 ± 0.0096 4.54
T3 0.1647 ± 0.1008 61.20 0.0863 ± 0.0491 56.89 0.1670 ± 0.0378 22.63
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Table 4.23: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Mometasone Cream (2% w/w beeswax content) during a period of 3 months storage at 40°C
(n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.4508 ± 0.0108 2.40 0.5039 ± 0.0277 5.50 0.5439 ± 0.0931 17.41
T1 0.4389 ± 0.0397 9.05 0.3490 ± 0.0242 6.93 0.3209 ± 0.0395 12.31
T2 0.4391 ± 0.0510 11.61 0.2942 ± 0.0137 4.66 0.2437 ± 0.0097 3.98
T3 0.4625 ± 0.0585 12.65 0.3172 ± 0.0265 8.35 0.1862 ± 0.0407 21.86
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
From Tables 4.20 and 4.22, respectively, the mean tan d values for the 15% w/w
formulation, measured at T0 at a frequency of 100 Hz, are significantly lower (p = 0.02)
than those obtained for the 2% w/w formulation, with statistically insignificant values being
recorded at 0.1 Hz and 5 Hz. This would indicate a greater amount of viscous character in
the 2% w/w batch at the higher frequency of 100 Hz than in the 15% w/w batch. However,
at all frequencies, tan d values were less than 1 for both formulations throughout the 3-
month storage period, indicating greater elastic than viscous character being present. At
0.1 Hz, samples stored at 40°C displayed significantly higher tan d values (p < 0.05), hence
increased viscous behaviour, than those at the lower temperature. Analysis at 5 Hz revealed
a similar pattern, but this was only apparent after 2 months of storage. In addition, at all
frequencies, tan d values of the 2% w/w batch decreased significantly (p < 0.01) at both
storage temperatures during the 3-month testing period, except when tested at a frequency
of 0.1 Hz after 40°C storage. The 15% w/w formulation also displayed significant decreases
(p = 0.03) but only at 25°C storage conditions. These decreasing values could be attributed
to the increase in viscosity found when testing the 25°C samples (refer Figure 4.3), since a
thicker cream could result in an increase in the elastic nature of a sample. However, this
does not hold true at the higher temperature evaluation, where the viscosities of the batches
remained relatively constant but tan d values still decreased. The decreasing measurements
suggest increased elastic structure and possibly stability of the samples, yet from visual
analysis, the 2% w/w batch was judged to be unstable due to the presence of leaking
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occurring after a few days. No distinction between homogeneous and inhomogeneous
samples could thus be obtained after testing for 3 months.
Tables 4.24 and 4.25 summarizes the mean values, standard deviations and relative
standard deviations of tan d obtained for the 3% w/w total surfactant formulation of
Ketoconazole Cream throughout the storage period at 25°C and 40°C, respectively, while
the measurements obtained for the 1% w/w total surfactant formulation at both storage
temperatures are displayed in Tables 4.26 and 4.27, respectively.
Table 4.24: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Ketoconazole Cream (3% w/w total surfactant content) during a period of 3 months storage at 25°C
(n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.5117 ± 0.0005 0.10 0.4511 ± 0.0062 1.37 0.8820 ± 0.0489 5.54
T1 0.6242 ± 0.0160 2.56 0.4834 ± 0.0009 0.19 1.0126 ± 0.0461 4.55
T2 0.6265 ± 0.0435 6.94 0.4829 ± 0.0064 1.33 0.6344 ± 0.0852 13.43
T3 0.6620 ± 0.0521 7.87 0.5021 ± 0.0142 2.83 0.7367 ± 0.0419 5.69
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 4.25: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Ketoconazole Cream (3% w/w total surfactant content) during a period of 3 months storage at 40°C
(n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.5117 ± 0.0005 0.10 0.4511 ± 0.0062 1.37 0.8820 ± 0.0489 5.54
T1 0.6172 ± 0.0037 0.60 0.4873 ± 0.0297 6.09 1.6383 ± 0.2418 14.76
T2 0.6623 ± 0.0057 0.86 0.4229 ± 0.0064 1.51 0.4694 ± 0.0172 3.66
T3 0.6236 ± 0.0252 4.04 0.4090 ± 0.0399 9.76 0.6190 ± 0.3291 53.17
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Table 4.26: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Ketoconazole Cream (1% w/w total surfactant content) during a period of 3 months storage at 25°C
(n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.7405 ± 0.1033 13.95 0.8935 ± 0.2369 26.51 0.7127 ± 0.1002 14.06
T1 0.5440 ± 0.0060 1.10 0.5709 ± 0.0754 13.21 2.1369 ± 1.3868 64.90
T2 0.4563 ± 0.0476 10.43 0.5562 ± 0.0765 13.75 0.7468 ± 0.4035 54.03
T3 0.6127 ± 0.1414 23.08 0.7187 ± 0.1288 17.92 1.5789 ± 1.6322 103.38
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 4.27: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Ketoconazole Cream (1% w/w total surfactant content) during a period of 3 months storage at 40°C
(n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.7405 ± 0.1033 13.95 0.8935 ± 0.2369 26.51 0.7127 ± 0.1002 14.06
T1 0.6390 ± 0.0687 10.75 0.5907 ± 0.0739 12.51 0.8530 ± 0.1280 15.01
T2 0.4679 ± 0.0504 10.77 0.6642 ± 0.1688 25.41 1.6035 ± 0.7339 45.77
T3 0.4618 ± 0.0559 12.10 0.6979 ± 0.2679 38.39 6.1982 ± 4.8990 79.04
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
At T0, the 3% w/w formulation displayed significantly lower mean tan d values at 0.1 Hz
(p = 0.02) and 5 Hz (p = 0.03) than the 1% w/w formulation, while at 100 Hz, insignificant
changes in mean tan d were obtained between the 3% w/w and 1% w/w batches. Thus it
would seem that at the lower frequencies of 0.1 Hz and 5 Hz, simulating long-term
behaviour, the 1% w/w formulation would exhibit increased viscous behaviour. During the
testing period of 3 months at 0.1 Hz, the 3% w/w formulation showed a small significant
increase in tan d values at both storage temperatures (p = 0.007), while the 1% w/w
formulation displayed significantly lower values after 3 months storage at 40°C. Although,
all values of tan d at this frequency were still below 1 indicating prevailing elastic
behaviour, the viscous character of the 3% w/w formulation seems to therefore be
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increasing. There was no clear distinction in mean tan d between samples stored at 25°C
and 40°C at this frequency and this was continued during the 5 Hz analyses. Evaluation at
100 Hz revealed considerably different results than that obtained at the lower frequencies.
The 3% w/w batch recorded tan d values greater than 1 (p < 0.03) at both storage
temperatures after 1 month, indicating predominant viscous character. This is interesting
since no indication of phase-splitting had also been observed at this time, apart from the
presence of a sticky top skin formation at 40°C, and one would therefore not expect viscous
behaviour to dominate. The 1% w/w batch displayed a tan d value greater than 1 after 1-
month storage at 25°C, with a similar high measurement being obtained at T3, but these
were not statistically significant. The 40°C samples, however, displayed large tan d values
throughout the testing period, finally reaching a maximum value of 6.1982 at T3, indicating
that the particles of the cream structure were weakly associated (Adeyeye et al., 2002). A
graphical representation of this data is depicted in Figure 4.14. These measurements are in
good correlation with physical assessment of cream stability since phase separation was
first noticed after 1 month of storage at both temperatures in the 1% w/w batch. The large
% RSDs obtained throughout the 3-month period at 100 Hz could also be an indication of
differences in homogeneity in the samples. It would therefore seem that analysis at this
frequency produced results that correlated well with actual visible assessments.
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Figure 4.14: Change in mean tan d values at 100 Hz for Ketoconazole Cream (1% w/w total
surfactant content) during 3 months storage at 25°C and 40°C (n = 3).
Tables 4.28 and 4.29 summarize the measurements obtained for 30% w/w Cetomacrogol
Cream batch throughout the testing period at 25°C and 40°C storage, respectively, with the
tan d values obtained for the 10% w/w Cetomacrogol Cream formulation at these
temperatures displayed in Tables 4.30 and 4.31, respectively.
Table 4.28: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Cetomacrogol Cream (30% w/w cetomacrogol emulsifying wax content) during a period of 3
months storage at 25°C (n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.3572 ± 0.0108 3.02 0.4122 ± 0.0157 3.81 1.2963 ± 0.0892 6.88
T1 0.3285 ± 0.0092 2.80 0.4240 ± 0.0276 6.51 1.2417 ± 0.0487 3.92
T2 0.3622 ± 0.0071 1.96 0.4073 ± 0.0084 2.06 0.9504 ± 0.0654 6.88
T3 0.3836 ± 0.0209 5.45 0.4010 ± 0.0012 0.30 0.5179 ± 0.0402 7.76
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Table 4.29: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Cetomacrogol Cream (30% w/w cetomacrogol emulsifying wax content) during a period of 3
months storage at 40°C (n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.3572 ± 0.0108 3.02 0.4122 ± 0.0157 3.81 1.2963 ± 0.0892 6.88
T1 0.3742 ± 0.0100 2.67 0.3949 ± 0.0039 0.99 0.4349 ± 0.0232 5.33
T2 0.4060 ± 0.0138 3.40 0.3859 ± 0.0011 0.29 0.6950 ± 0.1600 23.02
T3 0.3796 ± 0.0236 6.22 0.3590 ± 0.0031 0.86 0.9118 ± 0.0599 6.57
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 4.30: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Cetomacrogol Cream (10% w/w cetomacrogol emulsifying wax content) during a period of 3
months storage at 25°C (n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.4806 ± 0.1875 39.01 1.2397 ± 0.0263 2.12 1.3913 ± 0.0778 5.59
T1 0.6255 ± 0.0387 6.19 0.4387 ± 0.0059 1.34 0.6710 ± 0.0417 6.21
T2 0.5784 ± 0.0386 6.67 0.4390 ± 0.0043 0.98 0.7150 ± 0.0764 10.69
T3 0.5512 ± 0.0066 1.20 0.4480 ± 0.0025 0.56 0.7427 ± 0.0094 1.27
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 4.31: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz, for
Cetomacrogol Cream (10% w/w cetomacrogol emulsifying wax content) during a period of 3
months storage at 40°C (n = 3).
0.1 Hz 5 Hz 100 Hz
Time
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
T0 0.4806 ± 0.1875 39.01 1.2397 ± 0.0263 2.12 1.3913 ± 0.0778 5.59
T1 7.2597 ± 3.9962 55.05 0.3943 ± 0.0232 5.88 3.2227 ± 1.0747 33.35
T2 0.8833 ± 0.1163 13.17 0.3905 ± 0.0074 1.90 0.4873 ± 0.0545 11.18
T3 0.6150 ± 0.1549 25.19 0.3108 ± 0.1101 35.42 0.2856 ± 0.1508 52.80
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Establishing a Method for Assessing Cream Stability
- 151 -
At T0, lower values of mean tan d were recorded by the 30% w/w batch than the 10% w/w
formulation at all analysis frequencies. At 5 Hz and 100 Hz in particular, the tan d values
obtained by the 10% w/w batch were greater than 1, indicating prevalent viscous behaviour.
Thus the 10% w/w batch displayed less elastic character at T0 than the 30% w/w batch. This
would also suggest that the 10% w/w batch would be less structurally stable than the
30% w/w formulation. Analysis after 3 months revealed that the 30% w/w formulation
displayed an insignificant increase in viscous character at 0.1 Hz at both storage
temperatures with a similar tendency shown by the 10% w/w batch when stored at 25°C. At
40°C, however, this latter batch displayed a substantial increase in tan d at T1 (p = 0.04)
with a reading of 7.2597 being recorded. This increase in viscous character corresponds
with the first observation of phase separation occurring after 1 month at 40°C (refer Table
4.7). Analysis at 5 Hz revealed a significant decrease (p < 0.05) in tan d values after 3
months in the 10% w/w formulation at both temperatures and in the 30% w/w batch at
40°C, with the values at 100 Hz displaying a similar inclination. At 40°C, analysis at
100 Hz revealed an initial decrease of tan d (p < 0.0001) at T1 by the 30% w/w formulation,
which steadily increased during the following 2 months, however, the final reading at T3
was still lower than the tan d measurement recorded at T0 (p = 0.003). This, together with
the 5 Hz analysis, implies a stabilization of the elastic structure of the 30% w/w and
10% w/w batches at both storage temperatures. The 10% w/w batch again exhibited a large
tan d value of 3.2227 (p = 0.04) at 100 Hz analysis after 1 month storage at 40°C, but this
decreased considerably over the next 2 months to 0.2856, possibly due to a loss of moisture
occurring in the cream during this time. However, the lowered tan d values would indicate
that the elastic nature of this batch had improved with time at 40°C storage, yet phase
separation was clearly evident. Thus the analysis at 5 Hz and 100 Hz did not correlate with
visual examination of the creams, especially the 10% w/w formulation, since decreased
physical stability was noted throughout the 3-month period.
Davis (1971a) has stated that tan d values plotted against frequency can act as a consistency
spectrum of the tested sample. This would mean that a characterization of not only
predominant elastic or viscous behaviour should be obtained from a frequency sweep but a
portrayal of consistency within the sample itself. This was not found to be the case when
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analysing most of the cream batches above. The Mometasone Cream formulations
displayed decreasing tan d values throughout the 3-month testing period, implying
increased elastic attributes but the 2% w/w batch exhibited obvious exudate formation and
hence partial viscous character throughout the storage duration. A good correlation of tan d
with appearance was obtained at 100 Hz and 0.1 Hz for the Ketoconazole and
Cetomacrogol creams, respectively, during the 3 months of storage; however, the ability to
distinguish between cream batches that had displayed separation into layers and those that
had not, could not be accurately described. This is important since rheological
measurements of the upper and lower portions of a sample can also provide evidence for
rising or settling in the sample (Rieger, 1991). Therefore instead of interpreting results at
each monthly interval and summarizing it over time, a method utilised by Gašperlin et al.
(1998) was used to analyse the above data. A single mean tan d value was calculated after 3
months and these together with the corresponding standard deviations and relative standard
deviations were used to interpret the above findings. Table 4.32 and 4.33 display the
revised mean tan d values calculated for the 15% w/w and 2% w/w formulations of
Mometasone Cream, respectively, after 3 months. Tables 4.34 and 4.35 show the results
obtained for the Ketoconazole Cream formulations, while the values obtained for the
Cetomacrogol Cream batches are summarized in Tables 4.36 and 4.37.
Table 4.32: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz for
Mometasone Cream (15% w/w beeswax concentration) over 3 months storage at 25°C and 40°C
(n = 3).
0.1 Hz 5 Hz 100 HzTime
25°C 40°C 25°C 40°C 25°C 40°C
T0 0.5152 0.5152 0.4410 0.4410 0.3167 0.3167
T1 0.2492 0.3952 0.1966 0.1998 0.2353 0.2936
T2 0.2221 0.3625 0.1234 0.1990 0.1791 0.2104
T3 0.2433 0.4119 0.1377 0.1923 0.1422 0.2291
Mean 0.3074 0.4212 0.2247 0.2580 0.2183 0.2624
SD 0.1390 0.0659 0.1476 0.1220 0.0759 0.0508
RSD 45.22 15.65 65.69 47.29 34.77 19.36
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Table 4.33: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz for
Mometasone Cream (2% w/w beeswax concentration) over 3 months storage at 25°C and 40°C
(n = 3).
0.1 Hz 5 Hz 100 Hz
Time
25°C 40°C 25°C 40°C 25°C 40°C
T0 0.4508 0.4508 0.5039 0.5039 0.5439 0.5439
T1 0.2984 0.4389 0.3946 0.3490 0.1922 0.3209
T2 0.1964 0.4391 0.1272 0.2942 0.2115 0.2437
T3 0.1647 0.4625 0.0863 0.3172 0.1670 0.1862
Mean 0.2776 0.4478 0.2780 0.3661 0.2786 0.3237
SD 0.1288 0.0112 0.2034 0.0946 0.1778 0.1568
RSD 46.40 2.50 73.16 25.84 63.82 48.44
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 4.34: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz for
Ketoconazole Cream (3% w/w total surfactant concentration) over 3 months storage at 25°C and
40°C (n = 3).
0.1 Hz 5 Hz 100 Hz
Time
25°C 40°C 25°C 40°C 25°C 40°C
T0 0.5117 0.5117 0.4511 0.4511 0.8820 0.8820
T1 0.6242 0.6172 0.4834 0.4873 1.0126 1.6383
T2 0.6265 0.6623 0.4829 0.4229 0.6344 0.4694
T3 0.6620 0.6236 0.5021 0.4090 0.7367 0.6190
Mean 0.6061 0.6037 0.4799 0.4426 0.8164 0.9022
SD 0.0653 0.0645 0.0212 0.0346 0.1656 0.5195
RSD 10.77 10.68 4.42 7.82 20.28 57.58
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Table 4.35: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz for
Ketoconazole Cream (1% w/w total surfactant concentration) over 3 months storage at 25°C and
40°C (n = 3).
0.1 Hz 5 Hz 100 Hz
Time
25°C 40°C 25°C 40°C 25°C 40°C
T0 0.7405 0.7405 0.8935 0.8935 0.7127 0.7127
T1 0.5440 0.6390 0.5709 0.5907 2.1369 0.8530
T2 0.4563 0.4679 0.5562 0.6642 0.7468 1.6035
T3 0.6127 0.4618 0.7187 0.6979 1.5789 6.1982
Mean 0.5884 0.5773 0.6848 0.7116 1.2938 2.3418
SD 0.1199 0.1363 0.1573 0.1293 0.6902 2.6005
RSD 20.38 23.61 22.97 18.17 53.35 111.05
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 4.36: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz for
Cetomacrogol Cream (30% w/w cetomacrogol emulsifying wax concentration) over 3 months
storage at 25°C and 40°C (n = 3).
0.1 Hz 5 Hz 100 Hz
Time
25°C 40°C 25°C 40°C 25°C 40°C
T0 0.3572 0.3572 0.4122 0.4122 1.2963 1.2963
T1 0.3285 0.3742 0.4240 0.3949 1.2417 0.4349
T2 0.3622 0.4060 0.4073 0.3859 0.9504 0.6950
T3 0.3836 0.3796 0.4010 0.3590 0.5179 0.9118
Mean 0.3579 0.3792 0.4111 0.3880 1.0016 0.8345
SD 0.0227 0.0202 0.0097 0.0222 0.3564 0.3644
RSD 6.34 5.33 2.36 5.72 35.58 43.67
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
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Table 4.37: Mean values, SD and RSD of tan d at frequencies of 0.1 Hz, 5 Hz and 100 Hz for
Cetomacrogol Cream (10% w/w cetomacrogol emulsifying wax concentration) over 3 months
storage at 25°C and 40°C (n = 3).
0.1 Hz 5 Hz 100 Hz
Time
25°C 40°C 25°C 40°C 25°C 40°C
T0 0.4806 0.4806 1.2397 1.2397 1.3913 1.3913
T1 0.6255 7.2597 0.4387 0.3943 0.6710 3.2227
T2 0.5784 0.8833 0.4390 0.3905 0.7150 0.4873
T3 0.5512 0.6150 0.4480 0.3108 0.7427 0.2856
Mean 0.5589 2.3096 0.6413 0.5838 0.8800 1.3467
SD 0.0606 3.3043 0.3989 0.4389 0.3421 1.3399
RSD 10.84 143.07 62.20 75.18 38.87 99.49
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
On comparison of mean tan d values between the 15% w/w and 2% w/w beeswax content
batches of Mometasone Cream (Tables 4.32 and 4.33), it was found that at 0.1 Hz, the
15% w/w batch obtained higher values than the 2% w/w batch at 25°C, with converse
behaviour at 40°C. At 5 Hz and 100 Hz, however, lower tan d values were calculated for
the 15% w/w batch than the 2% w/w batch at both storage temperatures. This provides
evidence that at the higher frequencies of 5 Hz and 100 Hz (simulating short-term
behaviour), the 2% w/w batch exhibited enhanced viscous behaviour than the 15% w/w
batch, which correlates well with the physical assessment of stability. In addition at 100 Hz,
larger % RSDs were displayed by the 2% w/w formulation than that of the 15% w/w
formulation, which could serve as an indication of the inconsistent texture observed by the
former batch. Similar findings were noted in the Ketoconazole Cream formulations (Tables
4.34 and 4.35), where at the higher frequencies (5 Hz and 100 Hz), the 3% w/w formulation
achieved lower mean tan d values at both storage temperatures than the 1% w/w
formulation. RSDs of the 1% w/w batch were also greater than that of the 3% w/w
formulation, which compared well with the physical appearance of the samples. The results
obtained for the Cetomacrogol Cream formulations (Tables 4.36 and 4.37) revealed
increased viscous character in the 10% w/w batch when analysed at frequencies of 0.1 Hz
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and 5 Hz at both temperatures. Similar larger RSDs were calculated for the 10% w/w batch
than the 30% w/w formulation. Since these values at the 0.1 Hz and 5 Hz compare
favourably with the actual cream appearance, they could in fact give an indication of the
long-term structural stability of the cream.
To review, oscillation-frequency sweeps were conducted to determine the change in
viscoelastic character of the creams over time. By analysing the loss factor (tan d) values at
each testing time interval, it was found that both Mometasone Cream formulations
displayed decreasing values with time at all analysis frequencies, signifying ameliorating
elastic behaviour. However, visual observation revealed opposing behaviour in the 2% w/w
batch and thus no correlation with the test results. Although a good correspondence of
physical stability with tan d measurement was obtained at 100 Hz and 0.1 Hz for the
Ketoconazole and Cetomacrogol creams, respectively, analysis at the other frequencies
produced poorly correlating relationships with appearance. Thereafter, in order to
characterize the consistency of the batches, mean tan d values were calculated after 3
months storage together with standard deviations and relative standard deviations.
Increased viscous behaviour was found to occur in the 2% w/w batch of Mometasone
Cream and 1% w/w batch of Ketoconazole Cream when analysed at frequencies of 5 Hz
and 100 Hz (simulating intermediate and short-term stability, respectively). Similar
behaviour was obtained at 0.1 Hz and 5 Hz when analysing the Cetomacrogol Cream
containing 10% w/w cetomacrogol emulsifying wax content. Large % RSDs were also
produced by these batches, implying that inconsistencies were present in the cream
structures, thus displaying a direct relationship with the physical appearance of these
formulations.
4.3.5  Thixotropic Step Tests
Thixotropic step tests were performed using the three-step interval method. In the first step
of this method, the sample is subjected to a constant low deformation / strain selected from
within the LVE region of the corresponding oscillation-amplitude sweep. The deformation
was applied for a period of 120 s in order to characterize the sample at rest. The second step
or load phase was then executed where a high deformation of 100% was applied to the
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sample for a period of 30 s, thus allowing for structural decomposition to take place.
Thereafter, the shear load is removed and the same constant deformation from the first
interval was reapplied so as to facilitate structural regeneration of the sample. This third
step was carried out over a period of 300 s. The time intervals chosen for this test is in
accordance with those utilized by Stellrecht et al. (1999). At each step the storage (G’) and
loss modulus (G”) of each sample was measured on a logarithmic scale as a function of
time. Figure 4.15 displays a typical thixotropic oscillation step test profile.
           
Figure 4.15: Profile of a thixotropic oscillation step test where a low amplitude deformation (?)
(within the LVE range) is applied during the first and third intervals and a high amplitude
deformation (lying outside the LVE range) is applied during the second interval of the test. Source:
Mezger (2002)
The thixotropic step tests performed on the 15% w/w and 2% w/w beeswax formulations of
Mometasone Cream at T0 are displayed in Figures 4.16 and 4.17, respectively. G’ (storage
modulus) values are usually less dependent on vibrational frequency and is destroyed at
about one-tenth the rate as the viscous modulus (Rieger, 1991). It is therefore suggested that
the storage or elastic modulus (G’) is the most sensitive indicator of the structural changes
of a sample (Long Yao and Patel, 2001), and hence this rheological parameter was used to
assess the structural changes of the creams during the test. Analysis of the results comprised
of calculating the mean G’ value during the first interval ((1) in the figures below) of the
test, that is, over the time range 600 – 720 s. This value was termed the initial G’ value or
G’(100%) value and corresponds to the G’ value at rest. This value was then used as a
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reference when comparing G’ measurements during the third interval. During the third step
of the test, where the high deformation has been removed and structural regeneration begins
to take place ((3) in the figures below), the G’curve tends to level off after a certain amount
of time. The mean G’ value during this plateau region was calculated and termed the final
G’ value (G’final). The G’final value was then compared to the G’(100%) value and a
percentage thixotropy was obtained by using equation 4.1 (Stellrecht et al., 1999).
% Thixotropy = G’final / G’ (100%) x 100 equation 4.1
This final thixotropy value therefore represents the percentage of regeneration of the sample
structure after undergoing decomposition due to a high deformation.
Figure 4.16: G’ (t) and G”(t) curves of Mometasone Cream (15% w/w beeswax content) performed
at 25°C at T0 under low deformation conditions showing G’(100%) value (1), during structural
decomposition (2) and structural regeneration (3) (n = 3).
1 2 3
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Figure 4.17: G’ (t) and G”(t) curves of Mometasone Cream (2% w/w beeswax content) performed
at 25°C at T0 under low deformation conditions showing G’(100%) value (1), during structural
decomposition (2) and structural regeneration (3) (n = 3).
All samples were tested in a similar manner throughout the 3-month storage period. The
mean percentage thixotropies at 25°C and 40°C storage for both the 15% w/w and 2% w/w
beeswax formulations are summarized in Tables 4.38 and 4.39. Similarly, the percentage
thixotropies obtained for the Ketoconazole and Cetomacrogol formulations are depicted in
Tables 4.40, 4.41, 4.42 and 4.43.
Table 4.38: Mean values and SD of percentage thixotropy for Mometasone Cream (15% w/w
beeswax content) during a 3-month storage period at 25°C and 40°C (n = 3).
Time Mean ± SD at 25 °C Mean ± SD at 40°C
T0 11 451.78 ± 1822.51 11 451.78 ± 1822.51
T1 70.08 ± 7.98 99.59 ± 8.48
T2 67.86 ± 3.95 84.96 ± 7.20
T3 67.98 ± 5.77 74.33 ± 11.71
SD, Standard Deviation
1 2 3
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Table 4.39: Mean values and SD of percentage thixotropy for Mometasone Cream (2% w/w
beeswax content) during a 3-month storage period at 25°C and 40°C (n = 3).
Time Mean ± SD at 25°C Mean ± SD at 40°C
T0 70.31 ± 5.41 70.31 ± 5.41
T1 7.55 ± 5.55 3.87 ± 3.84
T2 1.00 ± 0.68 1.55 ± 1.00
T3 2.87 ± 2.41 5.49 ± 5.09
SD, Standard Deviation
Table 4.40: Mean values and SD of percentage thixotropy for Ketoconazole Cream (3% w/w total
surfactant content) during a 3-month storage period at 25°C and 40°C (n = 3).
Time Mean ± SD at 25°C Mean ± SD at 40°C
T0 88.22 ± 12.15 88.22 ± 12.15
T1 82.50 ± 3.21 70.18 ± 36.61
T2 70.27 ± 4.37 19.62 ± 2.26
T3 79.88 ± 14.44 42.79 ± 23.41
SD, Standard Deviation
Table 4.41: Mean values and SD f percentage thixotropy for Ketoconazole Cream (1% w/w total
surfactant content) during a 3-month storage period at 25°C and 40°C (n = 3).
Time Mean ± SD at 25°C Mean ± SD at 40°C
T0 40.06 ± 1.05 40.06 ± 1.05
T1 30.85 ± 3.86 41.33 ± 4.53
T2 33.17 ± 2.45 42.82 ± 1.32
T3 38.43 ± 1.57 44.63 ± 4.09
SD, Standard Deviation
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Table 4.42: Mean values and SD of percentage thixotropy for Cetomacrogol Cream (30% w/w
cetomacrogol emulsifying wax content) during a 3-month storage period at 25°C and 40°C (n = 3).
Time Mean ± SD at 25°C Mean ± SD at 40°C
T0 7.12 ± 0.49 7.12 ± 0.49
T1 7.32 ± 1.17 18.87 ± 26.04
T2 7.09 ± 2.04 4.92 ± 1.00
T3 5.48 ± 4.57 5.13 ± 1.18
SD, Standard Deviation
Table 4.43: Mean values and SD of percentage thixotropy for Cetomacrogol Cream (10% w/w
cetomacrogol emulsifying wax content) during a 3-month storage period at 25°C and 40°C (n = 3).
Time Mean ± SD at 25°C Mean ± SD at 40°C
T0 99.37 ± 1.73 99.37 ± 1.73
T1 97.63 ± 1.88 1 453.46 ± 2 276.92
T2 95.71 ± 5.62 0.76 ± 0.21
T3 96.68 ± 6.47 5.06 ± 5.68
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
In Figure 4.16 it can be seen that during the first step of the test at T0, the viscous modulus
values (G”) of the 15% w/w formulation are actually larger than the elastic moduli
recorded, thus indicating predominant viscous behaviour in the sample. Yet during the third
step a considerable increase in G’ values occurred, the sample now showing a greater
proportion of elastic character than viscous. This resulted in a very large percentage
thixotropy being calculated (Table 4.38). It is not known why this has occurred; possibly a
weak primary structure had existed in the resting sample, resulting in an increased degree of
viscous behaviour being exhibited. Upon application of a large stress, these weak bonds
were broken, allowing for stronger secondary cross-links to be formed in the sample once
the stress was removed, the consequence being a more structured and stable system being
obtained. A different scenario is presented by the 2% w/w batch at T0 (Figure 4.17), where
a decreased percentage thixotropy was obtained. The elastic structure of the cream had
diminished to approximately 70% of its initial rest value (Table 4.39). Thus upon removal
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of the stress, the 2% w/w batch was not able to fully regain its initial rest structure after
300 s and might therefore require more time to do so. Another possibility is that the cream
underwent an irreversible deformation upon application of the stress and would therefore
never be able to fully regain its initial structure. Analysis after 3 months storage at 25°C
and 40°C revealed that the thixotropy of the 15% w/w batch had decreased to
approximately 67% (p = 0.0004) and 74% (p = 0.0004), respectively (Table 4.38). In
contrast the 2% w/w batch displayed a significant decrease in thixotropy after 1 month of
storage at both temperatures (p < 0.005), which thereafter stabilized slightly over the
following 2 months to approximately 2% and 5%, at 25°C and 40°C, respectively (Table
4.39). Thus the elasticity of the 2% w/w batch decreased to a greater extent than that of the
15% w/w formulation and consequently displayed a lesser ability to regenerate its structure
after application of a stress.
Tables 4.40 and 4.41 show that at T0, neither the 3% w/w and 1% w/w formulations of
Ketoconazole Cream were able to achieve a 100% structural recovery, however, the
3% w/w batch exhibited a higher percentage thixotropy than the 2% w/w batch (p < 0.003).
During the 3-month analysis, the 3% w/w batch displayed an insignificant decrease in
thixotropy at 25°C to reach a minimum of 70.27% at T2. However, a statistically significant
decrease (p = 0.0006) was obtained at 40°C after 2 months where a percentage thixotropy
of 19.62% was attained. These values increased insignificantly at T3 and were still lower
than initial thixotropies at T0. The 1% w/w batch demonstrated different behaviour over the
3 months. At both 25°C and 40°C, insignificant changes in thixotropic percentages were
obtained. However, at 25°C storage, the percentage thixotropies obtained by the 1% w/w
batch were lower than those of the 3% w/w formulation (p values < 0.008 at all monthly
intervals), indicating a greater ability for structural renewal in the latter batch.
At T0, the 10% w/w formulation of Cetomacrogol Cream (Table 4.43) displayed almost
complete structure regeneration with a 99.37% thixotropy being obtained. However, the
30% w/w cream only exhibited a 7.12% thixotropy (Table 4.42), and therefore underwent a
marked degeneration in structure during the test. This trend was continued throughout the
25°C storage period, with significantly lower percentage thixotropies being recorded for the
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30% w/w formulation (p < 0.0001) than the 10% w/w batch, but no significant difference in
thixotropies was found to occur between the two formulations at 40°C. However at 40°C,
both creams displayed a large percentage thixotropy to beyond 100% after 1 month.
Visually, it was at this time that separation of the water and lipid phases of the 10% w/w
formulation had occurred, with a hard, waxy layer forming on the top of the sample. The
increased thixotropic value could therefore be as a result of the measurement of this hard
top layer. The thinner, bottom layer of the cream would exhibit lower thixotropic character
and hence a larger % RSD was obtained at this point. This could be an indication of the
non-homogeneous conditions present in the sample. However, the above reasoning cannot
be used to explain the behaviour of the 30% w/w formulation, which displayed good texture
and consistency after 1 month of storage at 40°C, and thus insufficient evidence is available
as to the cause of this high thixotropic measurement. Both creams then decreased
insignificantly in thixotropic character over the following 2 months at 40°C
(p values > 0.05), with mean percentage thixotropies being lower than T0 values.
Thus in summary, thixotropic step tests on the Mometasone Cream revealed decreasing
thixotropic values for both formulations throughout the 3-month testing period, with the
2% w/w batch obtaining lower values than the 15% w/w batch. The 1% w/w formulation of
Ketoconazole Cream also displayed lower thixotropy than the 3% w/w batch at 25°C but
this relationship was not continued at 40°C storage. The 30% w/w formulation of
Cetomacrogol Cream exhibited lower thixotropy values than the 10% w/w formulation
throughout the 3-month storage at 25°C; however, incongruous results were obtained at
40°C storage. Varying trends in thixotropy were therefore evident in all three creams. In
addition to the lack of any distinct relationship with appearance, the ability of this test in the
prediction of stability of the creams is questionable.
4.3.6  Thermal Stability Tests
The thermal stability of the creams was analysed 24 hours after the manufacture of each
cream batch. This was done using a modified method proposed by Long Yao and Patel
(2001). Their study utilised two tests designed to evaluate the change in storage modulus
(G’) with varying temperatures. The first test was a temperature cycle loop. Here, the
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temperature of the sample was increased and decreased in a linear fashion over three cycles.
This test aimed to simulate structural stability due to variation in temperature. Secondly,
temperature step tests were performed incorporating only one cycle of temperature
variation but over a protracted period of time. Thus a more accurate examination of
structural change could be obtained than from a temperature cycle test. The results obtained
for each cream formulation are discussed below.
4.3.6.1  Temperature Cycle Test
Figure 4.18 describes the storage modulus (G’) curves measured for the 15% w/w and
2% w/w beeswax formulations of Mometasone Cream. Similarly, Figures 4.19 and 4.20
display the results obtained for the Ketoconazole and Cetomacrogol cream formulations,
respectively. The time axis begins at 600 s due to the initial equilibration time at 25°C
needed for the sample.
Figure 4.18: Plot of storage modulus (G’) versus time during the temperature cycle test of
Mometasone Creams containing 15% w/w and 2% w/w beeswax concentrations.
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Figure 4.19: Plot of storage modulus (G’) versus time during the temperature cycle test of
Ketoconazole Creams containing 3% w/w and 1% w/w total surfactant concentrations.
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Figure 4.20: Plot of storage modulus (G’) versus time during the temperature cycle test of both
Cetomacrogol Creams containing 30% w/w and 10% w/w cetomacrogol emulsifying wax
concentrations.
In the above figures, each temperature cycle of 25°C to 40°C to 25°C has been indicated.
The area under the curve of each cycle was then obtained using a software function of the
rheometer. The areas recorded for each cream batch are displayed in Table 4.44.
Table 4.44: Areas under curves of G’ (Pa.s) for each cycle of the temperature cycle test for all
formulations of Mometasone Cream, Ketoconazole Cream and Cetomacrogol Cream.
Mometasone Cream Ketoconazole Cream Cetomacrogol CreamCycle
Number 15% w/w 2% w/w 3% w/w 1% w/w 30% w/w 10% w/w
1 2.703 x 107 2.541 x 107 2.320 x 106 4.199 x 104 2.492 x 106 4.247 x 105
2 4.031 x 107 2.863 x 107 3.022 x 106 4.920 x 104 2.738 x 106 4.731 x 105
3 4.150 x 107 2.902 x 107 3.189 x 106 5.957 x 104 2.789 x 106 4.947 x 105
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As can be seen from Figures 4.18, 4.19 and 4.20 above, the creams containing a lower
concentration of varied ingredient recorded lower G’ curves than their counterparts, that is,
the 2% w/w formulation of Mometasone Cream displayed lower G’ values than the
15% w/w batch; similarly the 1% w/w batch of Ketoconazole Cream and 10% w/w batch of
Cetomacrogol Cream yielded lower G’ values than the 3% w/w and 30% w/w batches,
respectively. This means that the creams containing higher concentrations of varied
component displayed greater elastic structure and hence greater structural stability with
regard to repeated temperature variation. For both formulations of Mometasone and
Cetomacrogol creams, G’ values decreased with increasing temperature, indicating a loss of
structural strength. The 3% w/w formulation of Ketoconazole Cream displays similar
behaviour (Figure 4.19 above), however, the 1% w/w batch displays an increase in G’
values as the temperature increases to 40°C, which persists for all three cycles of the test. It
would therefore seem that at the higher temperature, a higher structural stability is obtained
for the 1% w/w formulation, not seen when the total surfactant content is increased to
3% w/w.
All formulations, however, displayed increasing areas under curves of G’ values with each
successive temperature cycle as depicted in Table 4.44. Generally, repeated temperature
cycles would result in smaller areas being recorded with each successive cycle indicating a
decrease in thermal stability of the sample (Long Yao and Patel, 2001). Nevertheless, the
increasing areas found in all formulations suggest increased structural and elastic strength
with repeated temperature variation.
4.3.6.2.  Temperature Step Tests
Figures 4.21 and 4.22 show the G’ versus time curves of both the 15% w/w and 2% w/w
beeswax formulations of Mometasone Cream during the 25°C – 40°C – 25°C and 25°C –
60°C –25°C temperature steps, respectively. The heating / cooling rate of 3°C / minute,
employed during the second step test was set according to that used by Long Yao and Patel
(2001).
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Figure 4.21: Plot of storage modulus (G’) versus time during the temperature step test of 25°C to
40°C to 25°C for Mometasone Creams containing 15% w/w and 2% w/w beeswax content.
Figure 4.22: Plot of storage modulus (G’) versus time during the temperature step test of 25°C to
60°C to 25°C for Mometasone Creams containing 15% w/w and 2% w/w beeswax content.
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From Figure 4.21, it is interesting to note that during the initial 25°C analysis, the 2% w/w
formulation achieved higher G’ values than the 15% w/w batch, implying greater elastic
character in the 2% w/w cream. This is contradictory to the temperature cycle test for this
cream (refer Figure 4.18) where the opposite behaviour was found. During the first step to
40°C, both batches exhibited G’ values that decreased in a proportionate manner. These
were probably due to warming of the samples occurring that resulted in flexibility of the
structural bonds of the dispersion and hence lower elastic character. However, once this
higher temperature was reached, storage modulus values increased dramatically
(approximately 2 decades) where it remained at a constant plateau value of approximately
7 400 Pa for the duration of the 40°C analysis. The 2% w/w formulation also increased in
G’ values, but to a lesser extent than the 15% w/w batch. This could serve to indicate that
both creams exhibit increased thermal stability at 40°C, with the 15% w/w batch showing
greater stability than the 2% w/w cream. During the downward temperature step back to
25°C, both formulations again registered increased elastic modulus values, probably due to
a stronger integration of structural bonds associated with a decrease in temperature.
Thereafter at 25°C, the 15% w/w batch showed a considerable reduction in G’ values,
decreasing approximately 3 decades, the result being that lower values of G’ were now
obtained as compared to the initial results obtained during the first 25°C analysis step. The
values of G’ for the 2% w/w batch, however, stayed constant once reaching 25°C and final
G’ values were thus higher than those recorded during the initial 25°C period. This means
that after the temperature step, greater structural stability in terms of elasticity was obtained
by the 2% w/w batch, while the 15% w/w batch showed decreased thermal stability. In
comparison with the temperature cycle test (refer Figure 4.18), although both formulations
displayed enhanced structural stabilization after the test, this behaviour was only evident in
the 2% w/w batch during the step test.
The 25°C – 60°C – 25°C temperature step shown in Figure 4.22 reveals similar viscoelastic
behaviour between both batches. There is not much difference in elastic modulus values
between the creams during the initial 25°C period but the 15% w/w batch values are still
slightly higher than those of the 2% w/w batch. Reduction in G’ values occur during the
upward temperature step in both formulations, however, the G’ curves cross over once the
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temperature is increased. The 2% w/w batch now exhibits larger G’ values than the
15% w/w batch which continues in this form throughout the 60°C analysis period as well. It
would seem therefore that at a high temperature of 60°C, the 15% w/w formulation exhibits
lower thermal stability than the 2% w/w batch. Once the temperature is decreased back to
25°C, cross over of G’ curves occurs once more and both formulations record greater final
values of G’ than initially obtained prior to the temperature increase. Once again an
improved structural character seems to be achieved after the temperature step, with the
15% w/w batch displaying a slightly more elastic nature than the 2% w/w cream.
The 25°C – 40°C – 25°C and 25°C – 60°C – 25°C temperature steps of the 3% w/w and
1% w/w total surfactant formulations of Ketoconazole Cream are displayed in Figures 4.23
and 4.24, respectively.
Figure 4.23: Plot of storage modulus (G’) versus time during the temperature step test of 25°C to
40°C to 25°C for Ketoconazole Cream formulations containing 3% w/w and 1% w/w total
surfactant content.
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Figure 4.24: Plot of storage modulus (G’) versus time during the temperature step test of 25°C to
60°C to 25°C for Ketoconazole Cream formulations containing 3% w/w and 1% w/w total
surfactant content.
From Figure 4.23, the 3% w/w formulation displayed greater G’ values than the 1% w/w
formulation throughout the entire temperature step test. During the first step to 40°C,
however, the 1% w/w batch increased in G’ values to a larger extent (approximately 1
decade) than the 3% w/w batch. This correlates well with the findings obtained during the
temperature cycle test (refer Figure 4.19) where the 1% w/w batch displayed increasing G’
curves with increasing temperature. During the period at 40°C, this batch continued to
increase in elastic character, but dropped off once the temperature was reduced to 25°C.
Both formulations achieved higher final G’ values than initially obtained during the first
25°C analysis, implying that stronger structural interactions were attained after increasing
and then decreasing the temperature of the system.
During the initial constant temperature of 25°C in Figure 4.24, the 3% w/w formulation of
Ketoconazole Cream again displays greater elastic character than the 1% w/w batch. During
the step up in temperature, there is an initial increase in G’ measurement of the 1% w/w
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batch, while the 3% w/w values remain relatively constant. However, these curves reduce
noticeably as the higher temperatures are reached. The 1% w/w formulation reaches a
minimum of approximately 0.004 Pa before reaching a steady plateau similar to that
obtained by the 3% w/w batch. Once the temperature is decreased during the downward
step, the 1% w/w batch curve increases at a more rapid rate than the 3% w/w formulation,
actually reaching a higher G’ value than it initially recorded at the start of the test. This
could possibly be due to a loss of moisture occurring throughout the tests. The 3% w/w
formulation, although increasing in elastic behaviour as the temperature decreased, was not
able to reach its initial G’ value, indicating a loss of structural stability and elasticity after a
high temperature stress. The 1% w/w again reveals enhanced structural bond cohesion as
discovered after the temperature cycle and 25°C – 40°C – 25°C temperature step tests.
The temperature step curves obtained for the 30% w/w and 10% w/w cetomacrogol
emulsifying wax formulations of Cetomacrogol Cream are depicted in Figures 4.25 and
4.26, respectively.
Establishing a Method for Assessing Cream Stability
- 173 -
Figure 4.25: Plot of storage modulus (G’) versus time during the temperature step test of 25°C to
40°C to 25°C for Cetomacrogol Creams containing 30% w/w and 10% w/w cetomacrogol
emulsifying wax content.
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Figure 4.26: Plot of storage modulus (G’) versus time during the temperature step test of 25°C to
60°C to 25°C for Cetomacrogol Creams containing 30% w/w and 10% w/w cetomacrogol
emulsifying wax content.
In both Figures 4.25 and 4.26, the storage modulus curves of the 30% w/w formulation are
greater than that of the 10% w/w formulation throughout the entire test. The 10% w/w batch
drops off to a slightly greater extent than the 30% w/w batch during the temperature step to
40°C in Figure 4.25 but while the 30% w/w batch remains at a relatively constant G’ value
at 40°C, the G’ values of the 10% w/w batch tend to increase gradually the longer it is
exposed to this temperature. This would suggest that given enough time, the cream would
possibly undergo a re-emulsification process, where due to increased mobility of the
structural molecules in the sample as a result of the high temperature, additional cross-
linking would occur between the molecules with a resultant increased stabilization at this
temperature. When the temperature was reduced back to 25°C, increased G’ curves were
obtained by both cream batches, which stayed relatively constant at this lower temperature.
However, G’ values obtained by the 30% w/w cream during this stage were higher than
those measured during the first 25°C analysis, whilst lower final G’ values were recorded
for the 10% w/w batch than initial values. A similar relationship was obtained by both
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batches during the 25°C – 60°C – 25°C temperature step except that at the high
temperature, while constant values of G’ were measured for the 30% w/w batch, the values
for the 10% w/w formulation tended to decrease with increasing time at that temperature.
Thus while a stabilization-type reaction seemed to be occurring in the 10% w/w
formulation at 40°C (Figure 4.25), a destabilization in elastic structure had occurred at 60°C
(Figure 4.26). Final G’ values for both batches followed a similar trend as that found in the
25°C – 40°C – 25°C temperature step and it could thus be concluded that the 30% w/w
batch displays increased thermal stability than the 10% w/w formulation.
In summary, it was hoped that an indication of the temperature sensitivity of each cream
would be obtained, which could be used to predict future instabilities when stored at high
temperatures. The area under the curve of each loop in the temperature cycle test revealed
increasing elastic character with each cycle of 25°C to 40°C to 25°C for all cream batches.
This indicates excellent thermal stability of all formulations with regard to repeated
variation in temperature, since their structural integrity seems to improve as the temperature
is continually increased and decreased. The 15% w/w batch of Mometasone Cream
obtained higher elastic modulus values than the 2 % w/w batch, with the 3% w/w
formulation of Ketoconazole Cream attaining larger values than the 1% w/w formulation
and the 30% w/w batch of Cetomacrogol Cream displaying greater elastic character than
the 10% w/w batch. However, dissimilar results were produced after the temperature step
tests. After following the step profile of 25°C – 40°C – 25°C, decreased elastic character
was obtained by the 15% w/w batch while storage modulus values improved in the 2% w/w
batch. Both formulations of the Ketoconazole Cream displayed greater G’ values after the
test, while only the 30% w/w formulation of Cetomacrogol Cream increased in elastic
measurement, with the 10% w/w batch showing a decrease. Upon completion of the 25°C –
60°C –25 °C temperature step, both formulations of Mometasone Cream showed higher
final values of G’ than initial measurements, with the 15% w/w batch displaying greater
elastic character than the 2% w/w batch. The 1% w/w batch of Ketoconazole Cream also
produced improved elastic modulus measurements after the test, however, the 3% w/w
batch revealed a decline in G’ values. The 30% w/w formulation of Cetomacrogol Cream
obtained higher values of G’ throughout the temperature step and actually exhibited greater
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final G’ values than initially measured at the start of the test. The 10% w/w batch, however,
decreased in elastic character due to lower G’ values being obtained at the end of the test.
Thus contradicting results were obtained between both the temperature cycle and
temperature step tests, with elastic modulus values increasing in the cycle test but varying
behaviour occurring in the step tests. In terms of actual visual assessment of stability with
regard to storage at different temperatures, the batches containing 2% w/w beeswax,
1% w/w total surfactant content and 10% w/w cetomacrogol emulsifying wax all displayed
decreased stability at high temperatures throughout the 3-month testing period. Thus the use
of the temperature cycle test as a predictive tool of cream stability is not suitable since it
showed no correlation to the actual physical stability of the batches. The predictive capacity
of the 25°C – 40°C – 25°C temperature steps were useful when characterizing the
behaviour of the Cetomacrogol Cream formulations, however, they did not accurately
portray the stability trend of the Mometasone and Ketoconazole cream formulations. These
tests, together with the 25°C – 60°C – 25°C steps, would probably be more suited to
providing a characterization of the creams at a particular point in time, instead of as a
predictive procedure.
4.4  Conclusions
The data compiled from various rheological tests on the stability of 3 oil-in-water cream
formulations uncovered differing trends and behaviours existing between individual
batches. Each of the cream batches was manufactured with varying concentrations of wax /
surfactant content so that differing degrees of physical stability would be displayed between
individual batches. This was apparent upon a visual assessment of the creams throughout a
3-month evaluation period at storage temperatures of 25°C and 40°C, where batches
containing a lower percentage concentration of varied component were found to display
poor consistency, homogeneity and texture.
Curves of viscosity versus time at a constant shear rate of 20 s-1 disclosed varying results
being obtained between individual cream batches at both 25°C and 40°C. These differing
viscosity values with time revealed no direct correlation with visual analysis and were
therefore unsuitable as a means of predicting the stability of the creams.
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As part of the oscillatory test analysis, oscillation-amplitude sweeps were conducted for
two reasons. The first was to determine the linear viscoelastic ranges for each sample
throughout the testing period, whereby suitable deformation values could be obtained for
use in further oscillatory test procedures. Secondly, the widths of these ranges were
calculated in order to ascertain whether an increased linear viscoelastic region could
correlate to increased stability of the products as suggested by Kutschmann (2003).
However, no conclusive relationship between stability of a formulation and the length of its
linear viscoelastic range could be obtained and hence it is suggested that this test only be
used as a precursor for obtaining deformation values within the LVE range for utilization in
other oscillatory test procedures.
The variation in thixotropic measurements also did not demonstrate any inclination in
predicting the stability of these formulations, since in addition to not showing any distinct
relationship with the appearance of the creams, anomalous results were also recorded, such
as thixotropy values indicating a greater than 100% structural recovery.
Thermal stability tests, performed post-manufacture on each cream batch, were executed in
order to assess changes in structural stability of the cream batches in response to changes in
temperature. These tests, however, displayed disparate behaviour to that visually observed
throughout the 3-month stability assessment period and attempts to forecast changes in
physical stability from these tests were not feasible. Since these results were only generated
at T0, it would be pertinent to perform these tests at various other times during the
development process as well. In so doing, a greater characterization of the creams can be
obtained that may compliment other predictive procedures.
Oscillation-frequency sweeps, performed at each testing interval during the 3 months
storage at 25°C and 40°C, did not portray an accurate assessment of physical stability at
most frequencies. No indication of change in consistency or short- or long-term stability
changes could be ascertained and hence the use of this method as a predictive tool is not
absolute. However, when tan d values were analysed as an accumulative mean after 3
months storage, differences in values between batches of the same cream showed good
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correlation with physical observation of appearance. Furthermore, the measured % RSDs
increased in the batches displaying poor physical stability, thus providing evidence of
inconsistency or cream inhomogeneity. It is therefore evident that the predictive capability
of this test method has some advantage in stability analysis, otherwise overlooked by
conventional rheological testing operations.
In conclusion, although no substantive predictive capacity was found to occur in many of
the rheological test procedures, some tests were successful in predicting the stability and
characterizing the quality of selected formulations; hence the value of these tests cannot be
discounted. It is thus recommended that when used in conjunction with other recognized
research procedures, these tests could act as crucial supportive techniques in the
development of a quality product and that each formulation should be assessed individually
for the most effective method for stability prediction.
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CHAPTER 5
USE OF RHEOMETRY IN THE QUALITY CONTROL OF PHARMACEUTICAL OINTMENTS
5.1  Introduction
Ointments or ointment bases are semisolid disperse systems intended for topical application
to the skin or certain mucous membranes. Ointment bases are classified into four general
groups, namely, hydrocarbon bases, absorption bases, water-removable bases and water-
soluble bases. (Nash, 1998) Hydrocarbon bases or oleaginous bases are water-free and are
used chiefly for their emollient effect. They are retained on the skin for prolonged periods,
do not permit the escape of moisture from the skin to the atmosphere and are difficult to
wash off. As such they act as occlusive dressings. They do not “dry out” or change
noticeably upon aging. (Ansel and Popovich, 1990) Schott (2000) has stated that ointments
can be divided into three categories according to their consistency. Class I consists of
ophthalmic ointments, which are the softest. Class II includes the common medicated
ointments which are soft yet stiff enough to remain in place upon application to the skin.
Class III consists of protective ointments, which must be hard and stiff enough to remain in
place even when applied to moist, ulcerated areas. It can therefore be seen that quality
control plays a crucial role in the manufacture of these products, especially with respect to
viscosity measurement. In addition, the rheology of an ideal eye ointment is such that it can
be easily applied and spreads uniformly over the cornea and scleral surfaces but
subsequently reassumes its structure, that is, it should flow when subjected to shear but
regain structure when the forces are removed in order to prolong contact time and minimize
drainage from the eye (Ford et al., 1982). Thus thixotropy and elasticity are important
factors necessary in the production of quality ointment formulations. Viscoelastic
properties and yield stress values have also been correlated with consistency, which still
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remains a central parameter in the consumer acceptance of a quality topical formulation
(Barry and Grace, 1972). Quality control may be broadly defined as “the day-to-day control
of quality” and details the “acceptance or rejection of incoming raw materials” and assures
the final “approval and rejection of completed dosage forms” (Erskine, 2000). Rheological
measurements of pharmaceutical materials can be performed for the quality control of raw
materials (Herh et al., 1998). Various grades of petrolatum are commercially available and
are used widely as raw materials in the manufacture of a variety of ointment formulations.
These grades may vary in their physical properties depending on their source and refining
process. (Rowe et al., 2003) Petrolatum obtained from different sources may therefore
behave differently in an ointment formulation and the quality of the ointment hence rests on
the properties of the petrolatum (Fu and Lidgate, 1985; Rowe et al., 2003). By
characterizing and understanding the nature of the petrolatum, better decisions can be made
as to the choice of a specific grade of petrolatum for a particular product and the subsequent
manufacture of that product (Fu and Lidgate, 1985). It is known that petrolatum consists of
both solid and liquid hydrocarbons (normal, iso and ring compounds) in the form of a gel
structure. This gel structure is composed of a three-dimensional crystalline network which
encloses and immobilizes the liquid hydrocarbons. (Longworth and French, 1969, Chang et
al., 2003) The rheological properties of petrolatum are determined by the ratio of the
unbranched chains to the branched chains and cyclic components of the mixture, with the
relatively high amounts of branched and cyclic hydrocarbons accounting for its softer
character (Rowe et al., 2003). Barry and Grace (1970) have suggested that the physical
nature of petrolatum is influenced by the ratios of the component fractions of the material
and the constituents within the fractions, and therefore depends on the source of the crude
petroleum, the type and degree of refining and possibly on subsequent blending processes.
Yellow Soft Paraffin (also referred to as petrolatum, yellow petrolatum, yellow petroleum
jelly) is a mixture of semisolid hydrocarbons obtained from petroleum. It is an unctuous
mass varying in colour from yellowish to light amber. It melts at temperatures between
38°C and 60°C and may be used alone or in combination with other agents as an ointment
base. White Soft Paraffin (also known as white petrolatum, white petroleum jelly) is a
white-coloured, translucent, soft unctuous mass. It is colourless and tasteless and not more
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than slightly fluorescent by daylight, even when melted. It differs from yellow soft paraffin
only in respect of its decolourised state and is used for the same purposes. (Ansel and
Popovich, 1990, Rowe et al., 2003) Work done by Longworth and French (1969) on the
quality control of samples of white soft paraffin complying with pharmacopoeial
requirements has shown that some samples might vary in their physical properties
producing hard waxy lumps and permitting excessive separation of liquid (bleeding),
particularly after shearing and storage at elevated temperatures. This has been attributed to
disruption of the crystalline network structure of the petrolatum (Fu and Lidgate, 1985).
Similar work by Barry and Grace (1970) has also shown that rheological variations may
occur between different grades of white soft paraffin of pharmacopoeial quality. It was also
noted that inter-batch variations might be considerable, since the blending of soft paraffins
with other paraffinic petroleum derivatives to specific requirements is an empirical
procedure. Such variations in the properties of white soft paraffin can therefore be reflected
in the properties of formulations containing significant amounts of this material (Barry and
Grace, 1971). For this purpose, flow behaviour can be an indirect measure of product
consistency and quality and viscosity measurements, thixotropic loop tests and yield
stresses have been utilised by Longworth and French (1969) and Barry and Grace (1970) to
detect these quality variations. Fu and Lidgate (1985) have noted that the shear sensitivity
of petrolatum is of primary concern when manufacturing processes are involved. A great
deal of mixing or mechanical shear is required to achieve the desired homogeneity and
hence problems exhibited by ointments, such as liquid separation and non-homogeneity, are
directly related to the shear sensitivity of the petrolatum (Fu and Lidgate, 1985).
A corticosteroid ointment containing Betamethasone Valerate as the active ingredient and
white soft paraffin as a raw material base, was found to display a bleeding tendency
amongst a few of its batches, that is, an exudate formation from the final packaged product
was observed (Aspen Pharmacare, 2001-2003). This phenomenon was particularly evident
around the crimped bottom end of the tube container, which also resulted in staining of the
accompanying package insert. Another product, an antibiotic ophthalmic ointment with
Chloramphenicol as the active ingredient, and yellow soft paraffin as the ointment base,
exhibited noticeable differences in viscosity post-production (Aspen Pharmacare, 2001-
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2003). During manufacture of these products, all compounds are melted, mixed and then
cooled. However once cooled, different degrees of solidification were found, with some
batches showing liquid properties and others being more viscous. It is suspected that the
grades of the soft paraffins that were used in the formulations were different, thus resulting
in the variances that occurred. A thorough rheological investigation of excipients such as
white soft paraffin and yellow soft paraffin, obtained from raw material suppliers, was
undertaken. The results of these raw material analyses were then compared to that of their
corresponding finished product formulations, in order to assess the effectiveness of these
procedures in the quality control of such products, as well as relating the quality of the raw
material to that of the final product.
5.2  Methodology
5.2.1  Batch Selection
Four batches of Betamethasone Ointment, named A, B, C and D, were selected for the
study, two of which (B and C) displayed the bleeding phenomena mentioned earlier. These
together with the corresponding white soft paraffin batches used in the manufacture of the
batches are depicted in Table 5.1.
Table 5.1: Designated names of finished product Betamethasone Ointment batches and the
corresponding white soft paraffin batches used in their manufacture.
Finished Product White Soft Paraffin
A A1
B B1 and B2
C C1
D D1 and D2
Only two batches of Chloramphenicol Ointment were selected for use in the study, with
one displaying a very low visual viscosity (batch B), while the other batch (batch A) was
regarded as exhibiting good quality characteristics. The yellow soft paraffin batches used in
the manufacture of these ointments were designated the titles A1 and B1.
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5.2.2  Equipment and Sampling
All rheological measurements were conducted using a Haake RS1 controlled stress /
controlled rate, air-bearing rheometer (Karlsruhe, Germany) in conjunction with a cone-
plate geometry (60 mm diameter, 1° cone angle, gap width of 53 µm). Samples were
randomly taken for each batch of raw material (soft paraffins) and finished product
(ointment) for each rheological test that was performed. Samples were gently placed onto
the measuring plate of the instrument being careful to avoid unnecessary disturbance of the
sample structure.
5.2.3  Analysis
5.2.3.1  Viscosity Curves
Viscosity curves were generated at 25°C in controlled-rate mode with shear rates ranging
from 0 – 120 s-1 over 45 s (45 data acquisition points).
5.2.3.2  Thixotropic Loops Tests
Thixotropic loop tests were performed at 25°C with the upward and downward flow curves
being run from 0 s-1 to 200 s-1 and back. Forty data points were collected during each curve,
which ran over a period of 60 s. A rotation time curve was positioned between the upward
and downward curves where a shear rate rotation of 200 s-1 for an interval of 30 s (20 data
acquisition points) was applied to the samples. These tests were performed in order to
determine the sensitivity of both the finished product and raw material batches in response
to shear.
5.2.3.3  Oscillation Tests
Oscillation tests were performed in order to analyse structural and stability characteristics
of the ointments and their raw materials. As pre-tests, oscillation-amplitude sweeps were
executed in controlled-stress mode from shear stress ranges of 0 – 200 Pa at a frequency of
1 Hz at 25°C. In each sweep, twenty data points were collected. Thereafter, the resultant
moduli (G’ and G”) were plotted as a function of deformation on a log-log axis in order to
obtain the linear viscoelastic range (LVE) of each sample. Once a suitable deformation
value was chosen from within the LVE range, this value was used to perform frequency
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sweeps in controlled-deformation mode on each sample at 25°C. Frequency ranges of 0.01
– 50 Hz were employed with 6 data points being collected per decade of frequency.
Resultant storage (G’) and loss (G”) moduli were then analysed over these frequencies,
together with measured loss factor (tan d) values.
5.2.4  Statistical Analysis
Due to a lack of a sufficient amount of retention samples of raw material and final product
of the corticosteroid (Betamethasone) ointment, only single viscosity and thixotropic
measurements could be performed on this product. However, triplicate measurements were
produced during all other test procedures. Statistical analysis comprised of calculating
mean values, standard deviations and relative standard deviations using Microsoft Excel®.
Thixotropic areas were obtained using a software function on the rheometer (RheoWin Pro
2.94).
5.3  Results and Discussion
5.3.1  Viscosity Curves
Figures 5.1 and 5.2 display the viscosity curves produced for the final product batches, A,
B, C and D of Betamethasone Ointment and the corresponding white soft paraffins, A1, B1
and B2, C1, D1 and D2, used in their manufacture, respectively.
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Figure 5.1: Viscosity curves of Betamethasone Ointment batches A, B, C and D, performed at
25°C.
Figure 5.2: Viscosity curves at 25°C of white soft paraffin batches A1, B1, B2, C1, D1 and D2,
used in the manufacture of Betamethasone Ointment batches A, B, C and D, respectively.
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The above graphs depict shear-thinning behaviour being exhibited by all batches,
characteristic of pseudoplastic or plastic flow. A large deviation in viscosity seems to occur
over the shear rate range of approximately 8 – 24 s-1 for both the final product as well as the
raw material batches. Thus two shear rates within this region of greatest deviation were
chosen for analysis of batch viscosity, namely, 10 s-1 and 20 s-1. A summary of the
viscosities at shear rates of 10 s-1 and 20 s-1 for both the raw material as well as the final
products are presented in Tables 5.2 and 5.3.
Table 5.2: Viscosities of Betamethasone Ointment batches A, B, C and D at shear rates of 10 s-1
and 20 s-1 at 25°C.
Viscosity (mPa.s)
Batch
10 s-1 20 s-1
A 51 260 27 580
B 29 560 19 060
C 52 160 28 080
D 58 650 35 010
Table 5.3: Viscosities of white soft paraffin batches A1, B1, B2, C1, D1 and D2 at shear rates of
10 s-1 and 20 s-1 at 25°C.
Viscosity (mPa.s)
Batch
10 s-1 20 s-1
A1 21 420 15 430
B1 24 220 17 060
B2 18 160 12 320
C1 25 260 15 560
D1 32 000 21 050
D2 30 140 19 240
From Figure 5.1, it can be seen that batch B of Betamethasone Ointment, displayed the
lowest viscosity not only at 10 s-1 and 20 s-1 but throughout the shear rate range of 0 –
40 s-1, while relatively comparable higher viscosities were obtained by the other three
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batches. This lowered viscosity of batch B could be an explanation as to why bleeding
phenomena had been noticed in this batch, since a less viscous ointment would tend to leak
to a greater extent than a thicker product as the result of a disruption of the crystalline
network structure of the sample (Fu and Lidgate, 1985; Longworth and French., 1969). The
viscosity of white soft paraffin batch B2, which was used in the manufacture of finished
product batch B, also obtained the lowest viscosity readings, emphasising the impact that a
raw material may have on final product quality. However, batch C also presented leaking
behaviour on inspection, yet no noticeable difference in viscosity was measured in
comparison with batches A and D, both of which did not display any bleeding
characteristics. A similar trend was discovered when analysing the white soft paraffin batch
used in the manufacture of batch C. It would therefore seem that while rheological analysis
could ascertain clear differences in between the poor quality batch B with that of batches A
and D, no visible difference in viscosity was obtained when evaluating batch C.
Figure 5.3 displays the viscosity curves produced for the final product batches, A and B, of
Chloramphenicol Ointment, while Figure 5.4 depicts that of the corresponding yellow soft
paraffin batches, A1 and B1, used in their manufacture.
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Figure 5.3: Viscosity curves of Chloramphenicol Ointment batches A and B, performed at 25°C
(n = 3).
Figure 5.4: Viscosity curves at 25°C of yellow soft paraffin batches A1 and B1, used in the
manufacture of Chloramphenicol Ointment batches A and B, respectively (n = 3).
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A clear distinction between individual batch viscosities over the shear rate range of
5 – 50 s-1 is visible for both the final product as well as yellow soft paraffin batches. Thus
two shear rates within this range, namely, 10 s-1 and 20 s-1 were used to evaluate the
viscosities of the above batches as indicated in Tables 5.4 and 5.5, respectively.
Table 5.4: Mean values, SD and RSD of viscosity at 25°C at shear rates of 10 s-1 and 20 s-1 for
batches A and B of Chloramphenicol Ointment (n = 3).
Shear Rate 10 s-1 Shear Rate 20 s-1
Batch Mean Viscosity (mPa.s) RSD Mean Viscosity (mPa.s) RSD
A 31 193.33 ± 3 454.64 11.07 19 046.67 ± 2 262.13 11.88
B 5 950.00 ± 664.93 11.18 4 309.67 ± 467.59 10.85
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 5.5: Mean values, SD and RSD of viscosity at 25°C at shear rates of 10 s-1 and 20 s-1 for
batches A1 and B1 of yellow soft paraffin (n = 3).
Shear Rate 10 s-1 Shear Rate 20 s-1
Batch Mean Viscosity (mPa.s) RSD Mean Viscosity (mPa.s) RSD
A1 18 183.33 ± 1 185.59 6.52 12 506.67 ± 395.14 3.16
B1 28 610.00 ± 3 709.87 12.97 18 956.67 ± 2 641.14 13.93
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
It is clearly noticeable that batch A of Chloramphenicol Ointment was considerably more
viscous than batch B throughout the shear rate range of 0 – 50 s-1. Similar reproducibility of
viscosities was also obtained at both analysis shear rates with % RSDs of approximately
11% being recorded for both batches of ointment. However, analysis of the yellow soft
paraffin batches revealed increased viscosities for batch B1 than A1. This is peculiar since
batch A1 was used in the manufacture of ointment batch A and it would therefore be
expected to display a higher viscosity than its counterpart soft paraffin used in the
manufacture of ointment batch B. Thus while differences in viscosity could clearly be seen
between individual batches of ointment or yellow soft paraffin, no correlation between the
viscosity of the raw material and its final product could be ascertained.
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5.3.2  Thixotropic Loop Tests
The thixotropic loops generated for the final product batches, A, B, C and D of
Betamethasone Ointment and white soft paraffin batches, A1, B1 and B2, C1, D1 and D2,
are displayed in Figures 5.5 and 5.6, respectively.
Figure 5.5: Thixotropic loops performed at 25°C of Betamethasone Ointment batches A, B, C and
D.
Mean thixotropic areas measured for the finished product batches were as follows:
Batch A = 110 600 Pa/s, Batch B = 45 200 Pa/s, Batch C = 114 900 Pa/s and
Batch D = 121 000 Pa/s.
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Figure 5.6: Thixotropic loops performed at 25°C of white soft paraffin batches A1, B1, B2, C1, D1
and D2 used in the manufacture of Betamethasone Ointment batches A, B, C and D, respectively.
Mean thixotropic areas measured for the white soft paraffin batches were as follows:
Batch A1 = 43 790 Pa/s, Batch B1 = 49 140 Pa/s, Batch B2 = 27 580 Pa/s,
Batch C1 = 45 590 Pa/s, Batch D1 = 68 450 Pa/s and Batch D2 = 65 710 Pa/s.
The lowest thixotropy measurement was obtained for batch B of Betamethasone Ointment
compared with the other batches, while the same relationship was obtained between batch
B2 of white soft paraffin with the other batches tested. This behaviour corresponds with
that observed during viscosity curve analysis, where batches B and B2 displayed the lowest
viscosities. A lower thixotropy value would be expected in these batches since less
deviation from the initial structure would occur in a thinner product, that is, less structural
breakdown would occur in these batches since a lower shear stress is needed to be applied
to the sample. In addition, batch C displayed thixotropic areas between that of the good
quality batches A and D, with analogous results being obtained between the corresponding
white soft paraffin batches C1, A1, D1 and D2, respectively. Thus no distinct indication of
varying batch quality in terms of thixotropy was obtained for both batch C or its white soft
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paraffin batch C1. After investigating the thixotropic behaviour of white soft paraffin
Boylan (1966) has suggested that a comparison of the hysteresis loops of samples and a
standard can provide a measure of the spreadability of the product. It would thus seem that
since batch C1 obtained similar thixotropic areas to that of batches A1, D1 and D2, the
spreading behaviour of the samples, which can affect consumer acceptance of a product and
hence should be incorporated into its quality control, would also be similar.
It is interesting to note that while batch B2 of white soft paraffin exhibited the lowest
thixotropic character, batch B1 displayed a thixotropy value similar to that obtained by
batch A1 (in the range of 43 000 – 50 000 Pa/s), the latter being used to manufacture a good
quality ointment where no leaking was observed. Since both batches B1 and B2 were used
to manufacture the same final product, it would therefore seem that the quality of batch B2
could be attributed to the leaking phenomena found in this batch B. Batch B1 could then
possibly have had a stabilising effect on the final formulation thus negating to an extent, the
effect of batch B2 on product structure. In order to prove this assumption, a small amount
of either batch of white soft paraffin was mixed together and allowed to stand overnight to
settle. Thereafter, a thixotropic loop was performed on the mixed raw material with the
results being shown on Figure 5.7.
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Figure 5.7: Thixotropic loops performed at 25°C of white soft paraffin batches B1 and B2, as well
as a combination of the two, used in the manufacture of Betamethasone Ointment batch B.
Mean thixotropic areas of the white soft paraffin batches were as follows:
Batch B1 = 49 140 Pa/s, Batch B2 = 27 580 Pa/s and the combined thixotropy,
B1 + B2 = 27 780 Pa/s.
 It can clearly be seen that once the two white soft paraffin batches were mixed and allowed
to settle, an intermediate thixotropy measurement was obtained. This provides evidence of
a combination of structural characteristics from both batch B1 and B2. The combined
thixotropy value (28 780 Pa/s), however, inclines more to the value obtained by batch B2
(27 580 Pa/s), indicating predominant behaviour of batch B2 than B1. Hence, the final
product batch B, would probably also exhibit similar poor thixotropic character, which was
found to be the case.
The thixotropic loops generated for the final product batches, A and B of Chloramphenicol
Ointment and their corresponding yellow soft paraffin batches, A1 and B1 are displayed in
Figures 5.8 and 5.9, respectively.
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Figure 5.8: Thixotropic loops of Chloramphenicol Ointment batches A and B at 25°C (n = 3).
Figure 5.9: Thixotropic loops performed at 25°C of yellow soft paraffin batches A1 and B1 (n = 3),
used in the manufacture of Chloramphenicol Ointment batches A and B, respectively.
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Mean thixotropic areas and standard deviations of the finished product batches were as
follows: Batch A = 42 180.00 ± 15 382.86 Pa/s and Batch B = 7 110.00 ± 155.04 Pa/s. The
yellow soft paraffin batches yielded thixotropic measurements as follows:
Batch A1 = 62 646.67 ± 4 650.01 Pa/s and Batch B1 = 89 806.67 ± 23 937.06 Pa/s.
A similar relationship as that derived from viscosity curve analysis was obtained after
performing the thixotropic loop tests, with batch A of ointment displaying higher values of
thixotropy than batch B. A possible explanation for this behaviour is that due to the higher
viscosity of batch A, a greater shear stress was required in order to break down the
ointment structure, hence resulting in a higher thixotropic value. Evaluation of the yellow
soft paraffin batches revealed no visible difference in the size and shape of the curves but
batch B1 still produced a larger mean thixotropic area than batch A1, again probably due to
an increased viscosity in the former batch. This could be attributed to an increased fraction
of the iso-paraffin component within the gel structure of the white soft paraffin batch B1. It
has been stated that iso-paraffins form a fine crystallite gel structure, with a decrease in
crystallite size resulting in an increasing petrolatum viscosity. A finer crystallite structure,
in turn, is less susceptible to mechanical strain than a larger crystallite structure, and could
thus account for the increased thixotropy of batch B1. (Boylan, 1967) This does not explain
the increased thixotropy seen in batch A of ointment. It can only be assumed that the
manufacturing process itself, which utilizes high speed mixing of the ointment and is
performed at high temperatures of approximately 80°C to 85°C, could have affected the
final product thixotropy.
5.3.3  Oscillation-Frequency Sweeps
Linear viscoelastic (LVE) ranges were determined from oscillation-amplitude sweeps of
each batch of Betamethasone Ointment and white soft paraffin in order to obtain a single
deformation value from within the range for use in the each of the frequency sweeps. Tan d
measurements were then plotted against frequency on a double-logarithmic axis. The
resultant tan d values measured for the final product as well as the white soft paraffin
batches at three frequencies, namely, 0.01 Hz, 1 Hz and 50 Hz, are tabulated in Tables 5.6
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and 5.7, respectively. These frequencies were chosen in order to simulate the long-,
intermediate- and short-term behaviour of the samples, respectively (Mezger, 2002).
Table 5.6: Mean values, SD and RSD of tan d measured for the Betamethasone Ointment batches
A, B, C and D at 25°C, at frequencies of 0.01 Hz, 1 Hz and 50 Hz (n = 3).
0.01 Hz 1 Hz 50 Hz
Batch
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
A 0.4826 ± 0.0168 3.48 0.5651 ± 0.0290 5.13 0.7785 ± 0.0198 2.54
B 0.5622 ± 0.0138 2.45 0.6245 ± 0.0106 1.70 0.7120 ± 0.0628 8.82
C 0.5652 ± 0.0138 2.44 1.9187 ± 0.2175 11.34 0.7941 ± 0.0310 3.90
D 0.6237 ± 0.0073 1.17 0.5365 ± 0.0353 6.58 0.5496 ± 0.0264 4.80
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 5.7: Mean values, SD and RSD of tan d measured at 25°C for the white soft paraffin batches
A1, B1, B2, C1, D1 and D2, at frequencies of 0.01 Hz, 1 Hz and 50 Hz (n = 3).
0.01 Hz 1 Hz 50 Hz
Batch
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
A1 0.5771 ± 0.0105 1.82 0.5729 ± 0.0206 3.60 0.6357 ± 0.0317 4.99
B1 0.6407 ± 0.1034 16.14 0.7784 ± 0.1261 16.20 0.7074 ± 0.0250 3.53
B2 0.4945 ± 0.0009 0.18 0.5180 ± 0.0171 3.30 0.6246 ± 0.0247 3.95
C1 0.6060 ± 0.0148 2.44 0.6344 ± 0.0537 8.46 0.5719 ± 0.0479 8.38
D1 0.6753 ± 0.0242 3.58 0.5827 ± 0.0012 0.21 0.5212 ± 0.0115 2.21
D2 0.6300 ± 0.0047 0.75 0.6173 ± 0.0115 1.86 0.5974 ± 0.0301 5.04
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
From Table 5.6 it can be seen that most tan d values are less than 1, indicating predominant
elastic behaviour in all finished product batches. However, values obtained for batch C are
consistently higher at both 1 Hz and 50 Hz, thus implying a greater viscous character in this
batch. At 1 Hz, in particular, a large value of 1.9187 was measured, indicating
predominating viscous behaviour at this frequency. The spectrum of tan d analysis versus
frequency for batch C is displayed in Figure 5.10. Erratic measurements were obtained
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throughout the entire frequency range and could therefore be an indication of instability in
this formulation. Batch B, while also attaining relatively high tan d values at all
frequencies, produced lower loss factor measurements than batches A and D at 50 Hz and
0.01 Hz, respectively, but this could again be due to the mixture of different white soft
paraffin batches (namely, B1 and B2) used in its manufacture.
Figure 5.10: Tan d measurements at 25°C for batch C of Betamethasone Ointment (n = 3).
Analysis of all the white soft paraffin batches, however, revealed varying tan d results
being obtained at all frequencies. While batch B1 obtained higher loss factor values at 1 Hz
and 50 Hz, the measurement recorded at 0.01 Hz (0.6407) was slightly lower than that of
batch D1 (0.6753) at the same frequency. Batch C1, on the other hand, obtained lower
mean tan d values than batches A1 and D2 at 50 Hz, while at 0.01 Hz, lower measurements
than batches D1 and D2 were recorded. This suggests increased elastic behaviour of batch
C at 50 Hz and 0.01 Hz as compared to the white soft paraffin batches, A1, D1 and D2,
used to manufacture the good quality finished product batches, A and D. In addition, batch
A1 exhibited decreased mean tan d values at the lower frequencies, while both batches D1
and D2 displayed increasing tan d values with decreasing frequency, indicating a rise in
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elastic structure and stability in batch A1 but a decrease in elasticity in batches D1 and D2.
Thus conflicting results were obtained when analysing the raw materials and no conclusive
relationship with quality could be obtained.
Oscillation-amplitude sweeps of each batch of Chloramphenicol Ointment and yellow soft
paraffin were performed and linear viscoelastic (LVE) ranges determined. Batch A
produced a linear range extending from approximately 0.0042% to 0.0341% deformation,
while the LVE region of batch B ranged from approximately 0.0152% to 0.0296%
deformation. A single deformation value of 0.03% was then chosen from within the LVE
range of batch A, which was used in the determination of frequency sweep data. However,
instead of selecting a deformation value from within the LVE range of batch B, the same
percentage deformation used for batch A was also utilised when performing frequency
sweeps on batch B. This is because batch A was found to exhibit good quality
characteristics as well as a wider LVE region and thus analysis of batch B would provide a
direct comparison to the rheological character measured for batch A. Thus while batch A
was evaluated using a non-destructive oscillatory technique, a destructive oscillation was
applied when analysing batch B, that is, using a deformation from outside the LVE range
which can result in viscoelastic structures being broken down either reversibly or
irreversibly. A similar method was utilised by Davis (1971b) to study the viscoelastic
breakdown of various pharmaceutical semisolids and has proclaimed its usefulness as a
quality control tool. Similarly, LVE ranges of batch A1 and B1 of the yellow soft paraffins
extended from approximately 0.0006% to 0.0010% deformation and from approximately
0.0110% to 0.0210% deformation, respectively. A single deformation value of 0.01%
(chosen from within the LVE region of batch B1) was then selected for inclusion into the
frequency sweep test parameters of both batches. A graphical representation of the
relationship between frequency and resultant storage (G’) and loss (G”) moduli for both
batch A and B of Chloramphenicol Ointment is shown in Figure 5.11.
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Figure 5.11: Oscillation-frequency sweeps of Chloramphenicol Ointment batches A and B at 25°C,
showing plots of G’ and G” values against frequency (n = 3).
The frequency sweeps of batch A reveal storage modulus (G’) curves lying above the loss
modulus (G”) curves throughout the entire frequency range. In addition, both curves lie
relatively parallel to each other at the higher frequency ranges with a slight widening of the
curves as the frequency decreases, indicating the presence of a stable dispersion. (Mezger,
2002) Thus batch A exhibits a strong structural network with increased elastic character,
especially at the lower frequencies, which simulate long-term behaviour (Mezger, 2002).
Analysis of batch B, however, shows the G’ and G” curves positioned quite close to each
other with actual crossover of storage and loss modulus values occurring at various points
along the frequency axis. This relationship between the G’ and G” curves is seen with
greater clarity as plot of tan d against frequency as depicted in Figure 5.12.
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Figure 5.12: Tan d curves obtained for both batches A and B (n = 3) of Chloramphenicol Ointment
at 25°C, showing tan d values > 1 (indicating crossover of G’ and G” curves) for batch B.
A tan d value greater than 1 indicates that a crossover of G’ and G” values have occurred
and that the sample now displays predominant viscous behaviour. Crossover frequencies
for batch B, where the elastic and viscous contributions match one another and the loss
factor (tan d) assumes a value of 1, occur at approximately 31 – 38 Hz and 0.014 Hz, as
indicated by the arrows in Figure 5.12 (Ramachandran et al., 1999). Thus at these
frequencies the elastic structure of the samples have decreased to such an extent that
liquid / viscous properties are now present, resulting in a poorly structured dispersion. The
mean tan d values determined for both batches A and B at 0.01 Hz, 1 Hz and 50 Hz are
displayed in Table 5.8, while their corresponding yellow soft paraffin batch analysis is
shown in Table 5.9.
crossover frequencies
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Table 5.8: Mean values, SD and RSD of tan d at 25°C measured for batches A and B of
Chloramphenicol Ointment at frequencies of 0.01 Hz, 1 Hz and 50 Hz (n = 3).
0.01 Hz 1 Hz 50 Hz
Batch
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
A 0.2616 ± 0.0177 6.77 0.4092 ± 0.1517 37.07 0.4538 ± 0.1513 33.34
B 0.7720 ± 0.0630 8.16 0.6750 ± 0.1148 17.01 1.1153 ± 0.0537 4.81
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 5.9: Mean values, SD and RSD of tan d at 25°C measured for batches A1 and B1 of yellow
soft paraffin at frequencies of 0.01 Hz, 1 Hz and 50 Hz (n = 3).
0.01 Hz 1 Hz 50 Hz
Batch
Tan d ± SD RSD Tan d ± SD RSD Tan d ± SD RSD
A1 0.5194 ± 0.1769 34.06 0.3773 ± 0.0064 1.70 0.8778 ± 0.7973 90.83
B1 0.6623 ± 0.2728 41.19 0.2712 ± 0.0504 18.58 0.7498 ± 0.5085 67.82
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Table 5.8 shows that mean tan d values for batch A of finished product are considerably
smaller than that of batch B at all analysis frequencies. Thus increased elastic behaviour
and hence structural stability is expected to preside in batch A. Evaluation of the yellow
soft paraffin batches, however, reveal less variability in mean tan d values between either
batch. Slightly larger mean tan d values (approximate increase of 0.1) were obtained by
batch A1 than batch B1 at 1 Hz and 50 Hz, while lower values of the same approximate
magnitude were recorded by the former batch at 0.01 Hz. Hence it would seem that while
similar tan d measurements were obtained between the raw material batches no apparent
correlation of raw material character with that of final product properties could be detected.
5.4  Discussion
Various Betamethasone Ointment batches displaying differing degrees of quality were
analysed using viscosity curve and thixotropic loop analysis. While noticeable differences
in viscosity and thixotropic area were found to exist between the good quality batches (A
and D) and batch B, which displayed poor quality characteristics, no clear distinction could
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be obtained for that of batch C, which was also judged to be of poor quality. Similar results
were obtained when the corresponding white soft paraffin batches used in the manufacture
of the above ointments were analysed. Viscoelastic analysis using oscillation-frequency
sweeps, established marked increases in viscous behaviour in batch C, while the behaviour
of batch B differed only slightly from that of the good quality batches, A and D. Varying
results were obtained when evaluating the raw material batches and no conclusive
relationship between the behaviour of the white soft paraffins and their corresponding final
product batches could be obtained. Thus while continuous shear measurements could
ascertain clear differences in rheological behaviour between ointment batch B and the good
quality batches, oscillatory analysis was needed to determine quality variations in batch C.
Viscosity curve tests on the batches of Chloramphenicol Ointment revealed very noticeable
differences in viscosity between batch A, which represented the batch showing good
quality characteristics, and batch B, which exhibited poor quality properties. Analysis of
the yellow soft paraffin raw materials also showed variations in batch viscosity but to a
lesser extent than that of final product analysis. In addition, no direct relationship between
raw material and final ointment viscosity could be derived. Thixotropic loop tests presented
similar results with ointment batch A producing larger thixotropic areas than batch B.
However, very little distinction between the results of the yellow soft paraffin batches was
obtained, indicating that both batches might have similar quality characteristics. This
assumption was confirmed upon destructive oscillation-frequency sweep analysis, where
minimal differences in mean tan d values were recorded for both yellow soft paraffin
batches. Conversely, large mean tan d values were measured for batch B of
Chloramphenicol Ointment, with several crossover frequencies being obtained, indicating
an increased tendency towards viscous behaviour. Thus, while clear differences in final
product rheology was detected, the character of the yellow soft paraffins used in their
manufacture did not seem to exert any influence on final product quality and structure. It
can therefore only be assumed that processing conditions during manufacture were
responsible for the variation in ointment quality.
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5.5  Conclusions
Rheological methods are ideal for application in quality control as they allow the
investigator to draw conclusions regarding both molecular structure and processability from
their results (Gahleitner, 1999). Admittedly, while lack of a sufficient amount of sample
allowed for only single measurements to be performed on the Betamethasone Ointment and
its white soft paraffin raw material, noticeable differences in the rheological properties of
these batches could be observed. However, there was no clear-cut association between raw
material character with that of final product rheology, but this could have been complicated
due to the use of multiple white soft paraffin batches, with varying quality characteristics,
in the finished product manufacture. Distinct changes in rheological behaviour were,
however, noted when analysing the Chloramphenicol Ointment batches, while negligible
differences were obtained between their corresponding yellow soft paraffin batches.
Destructive oscillatory testing did provide sufficient evidence of variation in batch quality
of the ointment formulations and Davis (1971b) has suggested that while not providing
fundamental rheological parameters, destructive oscillation testing does provide extremely
useful information for quality control and for the correlation of physical properties with
product assessment and consumer evaluation. Thus this method, in conjunction with other
rheological tests allowed for a thorough rheological investigation of materials received
from raw material suppliers as well as the final product formulation and while no direct
correlation between finished product and raw material rheology could be established,
observable differences were still obtained using these procedures. This may therefore assist
in eliminating the variability in quality that might result in raw material batches obtained
from differing suppliers. In addition, inter-batch variations in raw material quality may also
be limited and may thus provide a means of ensuring consistency in quality of both raw
material and finished products in the future.
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Chapter 6
INVESTIGATION INTO THE IMPACT OF SCALE-UP AND PROCESSING VARIABLES ON THE
RHEOLOGICAL PROPERTIES OF CREAMS
6.1  Introduction
It was previously determined that the thermal history and previous mechanical treatment of
semisolids may affect the rheological properties of these non-Newtonian systems (Simon et
al., 1961). These conditions are typically found during manufacturing processes, where
varying speeds of heating, cooling and mixing can occur. Brämer et al. (2000) have
proposed that changes in processing conditions can also affect the microstructure of
creams, leading to differences in storage stability. Herh et al. (1998) have suggested that
rheological measurements on pharmaceutical materials may be used in the assessment of
manufacturing processes such as mixing and pumping. Yield point determinations,
viscosity analysis and oscillatory tests have all been utilised in these assessments (Simon et
al., 1961; Vasiljevic et al., 1999; Brämer et al., 2000).
Another important aspect for consideration during the development of semisolid products is
the degree to which the rheological properties of formulations during development are
relevant and valid for production purposes. Shear rates, shear stresses and temperatures,
among other parameters, employed during product manufacture, can differ during scale-up
procedures, thus influencing the physical properties of semisolids. Critical process
parameters should therefore be assessed in terms of the sensitivity and ruggedness of the
process during production scale-up (Wessels et al., 1997). This study therefore aims to
investigate the use of rheological techniques in refining the scale-up procedures utilised in
production. The Mometasone Cream studied in previous chapters was chosen for scale-up
assessment.
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The viscosity of a second cream, an antifungal (Clotrimazole) cream, was found to be
significantly influenced by the cooling rates employed during its manufacture, as a result of
slight differences in equipment design. These variations in batch viscosity are represented
graphically in Figure 6.1.
0
10000
20000
30000
40000
50000
60000
70000
0 9 18 27 36 45 54
Batch Number
V
is
co
si
ty
 (m
Pa
.s
)
Figure 6.1: Viscosity for Clotrimazole Cream batches superimposed onto the viscosity
specification set using a single-point viscosity measurement method (Current Specification:
20 000 – 30 000 mPa.s).
It can clearly be seen that batch viscosity varied considerably, very few batches obtaining
results that were within the set specification. Thus the second part of this study aimed at
assessing the impact that varying cooling rates could have on the final product rheology of
this cream. In addition, the effect of differing mixing speeds during manufacture was also
analysed.
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6.2  Methodology
6.2.1  Materials
Ingredients utilised for the Mometasone Cream manufacture were the same as previously
described in section 3.2.1.
Clotrimazole (Fabrica Sinteti Italiana, Italy), Propylene Glycol (Lanxess, USA) and Liquid
Paraffin (Engen Petroleum, South Africa) were used for the preparation of the Clotrimazole
Cream. In addition, three surfactants, K, L and M, were included in the formulation,
together with an adequate preservative.
All ingredients were either of B.P., E.P. or U.S.P grade.
6.2.2  Cream Preparation
The Mometasone Cream was prepared according to the formulation used in chapter 3 of
this study. A 1 kg laboratory scale batch was manufactured, together with a 300 kg large-
scale factory-production batch.
The Clotrimazole Cream batches were manufactured on a pilot scale, defined as “a batch of
a drug product manufactured by a procedure fully representative of and simulating that to
be applied to a full production scale batch” (ICH Harmonised Tripartite Guideline, 2000).
Batch sizes of 8 kg were prepared according to the following formulation as depicted in
Table 6.1.
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Table 6.1: Formulation of Clotrimazole Cream.
Ingredient % w/w
Clotrimazole 1.0
Surfactant K 7.0
Surfactant L 1.4
Surfactant M 1.5
Preservative 1.0
Liquid Paraffin 12.0
Propylene Glycol 7.7
Purified Water 68.4
The liquid paraffin and surfactants were transferred to a cleaned automatic homogenizer /
mixer (Multi-homo, Brogli + Co AG, Switzerland), surrounded by a steel quality jacket
system for circulating steam or cold water, alternately. The steam inlet was opened and the
mixture was allowed to heat to approximately 70°C with stirring until the ingredients were
dissolved. Stirring occurred by means of rotating mixer blades, the speed of which can be
adjusted to allow for fast and slow mixing of the contained product. The preservative was
dissolved in the purified water and was heated in a stainless steel steam pan before being
added to the wax mixture at the same temperature with vigorous stirring (mixing speed 2)
for 10 minutes. The temperature of the cream base was then dropped to approximately
45°C, where the clotrimazole dissolved in propylene glycol at the same temperature in a
separate glass beaker, was then added. The homogenizer was then switched to speed 1, and
the cream homogenized for 5 minutes. The action of the mixer blades also allowed for new
product to continually be introduced into the homogenzier lying adjacent to the blades, thus
contributing to the production of a well-emulsified product. This completed, the creams
was allowed to cool to 25°C at mixing speed of 1 (slow mixing) or 2 (fast mixing),
according to the following experimental design (section 6.2.5 below). A cooling rate of
approximately 0.1°C / minute was calculated for this procedure. Alternately, by circulating
cold water through the surrounding jacket, the cream was cooled to 25°C at a rapid rate of
approximately 0.8°C / minute, also at the same mixing speeds.
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6.2.3  Sampling and Equipment
The creams were allowed to equilibrate overnight at room temperature (approximately
25°C) before testing. No organoleptic changes in the prepared batches were observed
during equilibration. Random samples of each cream batch were taken and these then
analysed using a Haake RS1 controlled stress / controlled rate, air-bearing rheometer
(Karlsruhe, Germany) in conjunction with a cone-plate geometry (60 mm diameter, 1° cone
angle, gap width of 53 µm).
6.2.4  Analysis
The following rheological measurements were performed on the cream batches:
6.2.4.1  Viscosity Step Curves
Viscosity step curves were produced at a temperature of 25°C in controlled rate mode on
the Mometasone Cream batches. These differed from previous viscosity curve tests in that
the shear rate was now increased linearly in a stepwise fashion. In this case nine shear rate
steps, namely, 1 s-1, 10 s-1, 20 s-1, 50 s-1, 100 s-1, 200 s-1, 500 s-1, 800 s-1 and 1000 s-1 were
selected at which the sample was evaluated for 30 s at each shear rate. These shear rates
were chosen in order to simulate those that might be obtained during large-scale production
processes such as mixing and stirring (Barnes, 2000). After each step a mean viscosity
value is calculated and this then plotted as a function of shear rate on a linear axis. Thus
this test allows for a more accurate description of product viscosity to be established and
hence a more reliable comparison between batches is obtained.
Viscosity step curves at shear rates of 1 s-1, 5 s-1, 10 s-1, 20 s-1, 50 s-1, 80 s-1 and 100 s-1 were
used in order to evaluate the effect that different processing conditions could have on the
viscosity of the Clotrimazole Cream samples, when analysed at shear rates typically used
during mixing and stirring as well as when rubbing into the skin (Wood, 1986; Barnes,
2000).
Impact of Scale-Up and Processing on Rheology of Creams
- 209 -
6.2.4.2  Yield Point Determinations
Yield point determinations were performed on the Mometasone Cream batches at 25°C in
controlled stress mode from shear stresses ranging from 10 – 500 Pa over a period of 180 s
with 200 data points being collected throughout the run.
Yield point measurements on the Clotrimazole Cream batches were determined over shear
stress ranges of 0 – 200 Pa for a period of 180 s with 200 data acquisition points.
6.2.4.3  Oscillation Tests
Oscillatory tests were used to determine variations in viscoelasticity between the two
Mometasone cream batches. Oscillation-amplitude sweeps over shear stress ranges of 0 –
200 Pa at a frequency of 1 Hz were used to determine the linear viscoelastic (LVE) range of
each cream sample at a temperature of 25°C. A suitable deformation value was chosen
from within the LVE range and used in the frequency sweep analysis over the frequency
range of 0.1 – 100 Hz. The resultant storage and loss moduli with the calculated loss factor
(tan d) values were then graphically represented on a logarithmic axis as a function of
frequency. Analysis frequencies of 0.1 Hz, 5 Hz and 100 Hz were selected at which to
obtain the oscillatory results. Similar oscillatory tests were performed when analysing the
Clotrimazole Cream batches.
6.2.5  Statistical Analysis
Triplicate measurements were recorded during scale-up test procedures. A null hypothesis
that no significant difference in rheological parameters is obtained between laboratory-scale
and production-scale batches was set. Statistical analysis comprised of calculating mean
values, standard deviations and relative standard deviations using the software application
Microsoft Excel®. A paired t-test was also performed, comparing means at individual
points and relating these to paired observations (viscosities, yield points and frequencies),
and significant differences defined as a p value of < 0.05. Yield stress determinations were
obtained using a software function on the rheometer (RheoWin Pro 2.94).
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In order to obtain the effects of varying processing conditions on the rheological
performance of the Clotrimazole Cream batches a 22 full-factorial design was applied.
Independent variables included the cooling rate and mixing speed. Real and coded values of
these variables and their levels are presented in Table 6.2.
Table 6.2: Real and coded values and levels of the independent variables (cooling rate and mixing
speed).
Levels
Variables
Slow (-1) Fast (+1)
X1 Cooling Rate ± 0.1°C / min. ± 0.8°C / min.
X2 Mixing Speed 1 2
Dependent variables included:
Y1 and Y2 – the apparent viscosity at two shear rates where the greatest deviation in batch
viscosity could be found.
Y3 – the yield points measured for each cream batch.
Y4, Y5 and Y6 – tan delta values at frequencies of 0.1 Hz, 5 Hz and 100 Hz, respectively.
All the experiments for the factorial analysis were performed in triplicate and in a random
order, with a null hypothesis that cooling rate and mixing speed does not produce any
significant effect on the resultant rheological character of the creams. Statistical
significance for each factor effect was tested by analysis of variance, incorporating the
interactive effects of different independent variables (Xi) on the response variable (Y), with
significant differences defined as a p value of < 0.05. Statistical tests were performed using
the software application Statistica® (Version 6.0).
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6.3  Results and Discussion
6.3.1  Evaluation of Scale-Up on Rheological Characteristics
6.3.1.1  Viscosity Step Curves
The mean viscosities calculated at each shear rate step during the viscosity step test on each
batch of Mometasone Cream are summarized in Table 6.3, along with corresponding
standard deviation and percentage relative standard deviations.
Table 6.3: Mean values, SD and RSD of viscosity (mPa.s) measured for both the laboratory and
production batches of Mometasone Cream at 25°C (n=3).
Laboratory Batch Production Batch
Shear Rate (s-1)
Mean Viscosity ± SD RSD Mean Viscosity ± SD RSD
1 166 533.33 ± 5 460.16 3.28 180 300.00 ± 14 162.98 7.86
10 26 683.33 ± 5 145.73 19.28 29 760.00 ± 2 930.72 9.85
20 15 540.00 ± 3 710.40 23.88 19 273.33 ± 1 163.89 6.04
50 10 643.00 ± 1 150.74 10.81 13 803.33 ± 796.07 5.77
100 6 029.00 ± 1 079.81 17.91 8 024.67 ± 480.21 5.98
200 3 038.00 ± 795.72 26.19 4 918.33 ± 233.96 4.76
500 1 392.67 ± 162.26 11.65 1 733.67 ± 456.87 26.35
800 677.27 ± 155.87 23.01 475.90 ± 177.68 37.34
1000 292.73 ± 180.14 61.54 214.10 ± 106.02 49.52
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
It can be seen that the viscosities measured for the production batch appear to be slightly
higher than those of the laboratory batch throughout the shear rate range 1 – 500 s-1.
However, statistical analysis revealed no significant difference between mean viscosities of
both batches at all shear rates (p > 0.05), possibly due to the high degree of experimental
variation.
6.3.1.2  Yield Point Determinations
The yield stresses measured for the laboratory batch of Mometasone Cream are displayed
in Figure 6.2, while those of the production batch is presented in Figure 6.3.
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Figure 6.2: Yield point measurements of the laboratory batch of Mometasone Cream at 25°C
(n = 3). Mean = 41.50 ± 2.69 Pa.
Figure 6.3: Yield point measurements of the production batch of Mometasone Cream at 25°C
(n = 3). Mean = 42.47 ± 4.16 Pa.
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Similarly to that obtained during viscosity analysis, yield point determinations for the
production batch appear to be slightly higher than the yield stresses measured for the
laboratory batch. However, no statistically significant differences were noted (p = 0.3430).
6.3.1.3  Oscillation-Frequency Sweeps
The oscillation-frequency sweeps of both batches of Mometasone Cream were generated as
plots of loss factor (tan d) against frequency. The mean values of tan d, together with
standard deviations and relative standard deviations at frequencies of 0.1 Hz, 5 Hz and
100 Hz are tabulated in Table 6.4.
Table 6.4: Mean values, SD and RSD of tan d for both the laboratory and production batches of
Mometasone Cream at 25°C.
Laboratory Batch Production Batch
Frequency Mean ± SD RSD Mean ± SD RSD
0.1 Hz 0.5152 ± 0.0681 13.22 0.5505 ± 0.1066 19.37
5 Hz 0.4410 ± 0.0564 12.78 0.3157 ± 0.0372 11.79
100 Hz 0.3167 ± 0.0463 14.62 0.2990 ± 0.0649 21.69
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
All values of tan d for both batches are less than 1 indicating predominant elastic character.
Statistical analysis, comparing the means of the laboratory batch with the production batch,
at 0.1 Hz and 100 Hz revealed p values of 0.3049 and 0.6149, respectively, indicating no
significant difference in mean tan d values at these frequencies. However, a p value of
0.0176 was calculated at 5 Hz and thus a statistically significant difference in mean values
was found. The mean tan d value of 0.3157 determined for the production batch of
Mometasone Cream at 5Hz was thus statistically lower than that of the laboratory batch by
a magnitude of 0.1253, indicating greater elastic character in the production batch at this
frequency.
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6.3.2  Influence of Processing Conditions on Rheological Properties
6.3.2.1  Viscosity Step Curves
The mean viscosities obtained at each shear rate step during the viscosity step test on each
batch of Clotrimazole Cream are summarized in Table 6.5, along with corresponding
standard deviation and percentage relative standard deviations.
Table 6.5: Mean values, SD and RSD of viscosity (mPa.s) at 25°C measured for the Clotrimazole
Cream batches prepared using different cooling and mixing speeds (n = 3).
Fast Cool-Fast Mix Fast Cool-Slow Mix
Shear Rate (s-1)
Mean Viscosity ± SD RSD Mean Viscosity ± SD RSD
1 26 116.67 ± 724.18 2.77 16 810.00 ± 5 561.59 33.09
5 11 330.00 ± 242.49 2.14 9 443.67 ± 559.60 5.93
10 6 179.00 ± 111.73 1.81 5 683.00 ± 116.01 2.04
20 3 527.33 ± 34.78 0.99 3 355.33 ± 27.39 0.82
50 1 882.33 ± 27.79 1.48 1 797.00 ± 28.16 1.57
80 1 406.00 ± 13.89 0.99 1 299.67 ± 25.01 1.92
100 1 213.00 ± 26.89 2.22 1 142.33 ± 25.11 2.20
Slow Cool-Fast Mix Slow Cool-Slow Mix
Shear Rate (s-1)
Mean Viscosity ± SD RSD Mean Viscosity ± SD RSD
1 31 960.00 ± 624.26 1.95 26 950.00 ± 1 181.23 4.38
5 12 946.67 ± 245.83 1.90 11 363.33 ± 193.48 1.70
10 7 080.33 ± 195.81 2.77 6 487.67 ± 162.11 2.50
20 3 901.33 ± 106.61 2.73 3 731.00 ± 154.50 4.14
50 2 043.00 ± 41.04 2.01 1 886.00 ± 82.66 4.38
80 1 502.00 ± 14.11 0.94 1 286.00 ± 70.02 5.44
100 1 285.33 ± 4.16 0.32 1 088.00 ± 53.56 4.92
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Similar viscosities were measured for all 4 batches of Clotrimazole Cream over the shear
rate range of 20 – 100 s-1. Noticeable deviations in viscosity are however found at shear
rates of 1 s-1, 5 s-1 and 10 s-1. Analysis of variance showed that a statistically significant
influence of cooling rate (p value < 0.002) and mixing speed (p value < 0.003) on viscosity
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was obtained at these latter shear rates, while a lack of significant interactive effects of both
independent variables on the response variables were observed. In order to permit an easy
visualization of these effects, the above results are presented graphically, as response
surfaces, at shear rates of 1 s-1 and 5 s-1 (Figures 6.4 and 6.5).
Figure 6.4: Response surface of the mean viscosity (n = 3) of the Clotrimazole Cream batches at a
shear rate of 1 s-1. Independent variables of cooling rate and mixing speed are represented as coded
values.
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Figure 6.5: Response surface of the mean viscosity (n = 3) of the Clotrimazole Cream batches at a
shear rate of 5 s-1. Independent variables of cooling rate and mixing speed are represented as coded
values.
It is apparent from the above figures that as the cooling rate increased and the mixing speed
decreased the viscosity of the cream decreased. In addition, a greater decrease in viscosity
is noticed when analysed at 1 s-1 with a less noticeable trend at the higher shear rate. This
trend was found to increase when analysed at shear rates greater than 5 s-1 as well. It is thus
evident that at the lower rates of shear, a greater differentiation in viscosity is obtained.
6.3.2.2  Yield Point Determinations
The yield stresses measured for the Clotrimazole Cream batches prepared using a varying
cooling rates and mixing speeds are summarized in Table 6.6, with the results presented
graphically in Figure 6.6 as response surfaces.
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Table 6.6: Mean value, SD and RSD of yield stress (Pa) at 25°C, measured for the Clotrimazole
Cream batches prepared using different cooling rates and mixing speeds (n = 3).
Fast Cool-Fast Mix Fast Cool-Slow Mix Slow Cool-Fast Mix Slow Cool-Slow Mix
Mean ± SD RSD Mean ± SD RSD Mean ± SD RSD Mean ± SD RSD
10.77 ± 0.97 8.96 9.15 ± 0.68 7.41 11.77 ± 1.04 8.80 5.93 ± 0.78 13.08
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
 
Figure 6.6: Response surface of mean yield stress (n = 3) of the Clotrimazole Cream batches.
Independent variables of cooling rate and mixing speed are represented as coded values.
As the mixing speed used to manufacture the creams was increased, higher yield point
measurements were obtained. In contrast, no specific relationship between cooling rate and
mean yield stress could be determined. Statistical analysis also revealed significant
differences in yield point when the mixing speed was varied (p value < 0.00008), while a
p value of 0.0591 was calculated when evaluating the effect of varying cooling rates.
However, a statistical difference in mean yield stress (p value = 0.0031) was found when
assessing the interactive effects of the two independent variables. This is highlighted in
Figure 6.7, where significant crossover of the two independent variables is seen, indicating
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that the combined influence of both the cooling rate and mixing speed had a significant
impact on the rheological character of the final product.
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Figure 6.7: Effective hypothesis decomposition showing the interactive effects, by least squares
means, of cooling rate and mixing speed on the measured mean yield stress of Clotrimazole Cream.
Vertical bars denote 0.95 confidence intervals.
6.3.2.3  Oscillation-Frequency Sweeps
The oscillation-frequency sweeps of each batch of Clotrimazole Cream are displayed in
Figure 6.8 as tan d plots. The mean values of tan d, together with standard deviations and
relative standard deviations at frequencies of 0.1 Hz, 5 Hz and 100 Hz are tabulated in
Table 6.7.
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Figure 6.8: Tan d curves at 25°C from oscillation-frequency sweeps of the Clotrimazole Cream
batches prepared using different cooling rates and mixing speeds (n = 3).
Table 6.7: Mean values, SD and RSD of tan d at 25°C measured for the Clotrimazole Cream
batches prepared using different cooling and mixing speeds (n = 3).
Fast Cool-Fast Mix Fast Cool-Slow Mix
Frequency
Mean ± SD RSD Mean ± SD RSD
0.1 Hz 0.4767 ± 0.0070 1.47 0.5010 ± 0.0173 3.45
5 Hz 0.2464 ± 0.0019 0.77 0.2213 ± 0.0031 1.38
100 Hz 0.3498 ± 0.0053 1.34 0.2749 ± 0.0317 11.53
Slow Cool-Fast Mix Slow Cool-Slow Mix
Frequency
Mean ± SD RSD Mean ± SD RSD
0.1 Hz 0.4723 ± 0.0023 0.49 0.5180 ± 0.0024 0.47
5 Hz 0.2215 ± 0.0044 2.00 0.1999 ± 0.0017 0.86
100 Hz 0.3323 ± 0.0178 5.37 0.2175 ± 0.0395 18.16
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
Impact of Scale-Up and Processing on Rheology of Creams
- 220 -
Figure 6.8 shows that all cream batches follow a similar trend in tan d values over the entire
frequency range, with the largest values, depicting increased viscous character, being
obtained at the low frequencies (less than 0.3 Hz), simulating long-term behaviour of the
sample (Mezger, 2002). At 0.1 Hz it can be seen that the highest mean tan d value is
obtained by the batch of cream manufactured under slow cool-slow mix conditions, while
the lowest mean tan d value was found to occur in the batch prepared using slow cool-fast
mix parameters. Thus decreased viscous character is displayed by the latter batch than the
former. It would thus seem that the mixing speed played an important role in determining
the viscoelastic character of the creams, a faster mixing speed resulting in the manufacture
of a cream displaying greater elastic behaviour (p = 0.000209 at 0.1 Hz) and hence
structural integrity. At the higher analysis frequencies of 5 Hz and 100 Hz, the greatest
elastic character (lowest mean tan d values) is found in the slow cool-slow mix batch of
cream, while the fast cool-fast mix batch displayed the greatest viscous behaviour.
Statistically, both the mixing speed and the cooling rate was found to impact the mean tan d
measurements of the creams (p < 0.005 for both) at both these frequencies. Thus the short-
term stability of the sample, depicted by high frequencies (Mezger, 2002), seems to be
greatly affected by both the cooling and mixing rates used in their manufacture. The effect
of cooling rate then tends to diminish at the lower frequencies and hence long-term
behaviour of the samples.
6.4  Conclusions
Analysis of the Mometasone Cream batches prepared on a laboratory-scale and a
production-scale revealed no significant difference in comparative means when tested using
various rheological procedures. This satisfies the null hypothesis that no significant
difference in rheological properties exists between the two batches. However, the use of
rheological tests did allow for a thorough characterization of scale-up properties of the
creams and could prove useful in future validation procedures.
It has been suggested by Wessels et al. (1997) that scale-up procedures should also be
assessed in terms of the sensitivity and ruggedness of process parameters. This is because
factors such as mixing speeds and cooling rates employed during product manufacture can
Impact of Scale-Up and Processing on Rheology of Creams
- 221 -
differ during scale-up procedures, thus influencing the physical properties of semisolids,
such as its viscosity. By altering the cooling rates and mixing speeds during the
manufacture of four Clotrimazole Cream batches, statistical differences in rheological
behaviour were noted, thus disproving the null hypothesis. The mixing speed was found to
impact all measured rheological characteristics, while the cooling rate tended to only
influence the viscosity and high frequency analyses. In particular, it was ascertained that
the batch manufactured using slow cool-fast mix processing parameters produced the
highest viscosity at low shear rates associated with larger yield point measurements.
Conversely, this batch produced the lowest mean tan d value at 0.1 Hz. Low tan d values
obtained at low frequencies have been reported to simulate long-term stability of the
sample. It can thus be seen that critical manufacturing process variables such as cooling
rate and mixing speed can significantly influence the resultant shear rheology as well as
viscoelastic character of a cream and hence strict control over variations in the
manufacturing conditions should be maintained.
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Chapter 7
CONCLUSIONS AND RECOMMENDATIONS
Rheological analysis has found use in various areas of pharmaceutical practice, including
quality control and storage stability of semisolid products, correlation of physical
parameters with sensory assessment and consumer evaluation, effects of formulation on
consistency, as well as the prediction of flow behaviour under shear conditions met in
manufacture (Davis, 1971a). Thus rheological tests play an important role in the
formulation, development, quality, application and acceptance of semisolid pharmaceutical
dosage forms.
The need to effectively characterize cream viscosity and its batch-to-batch variations in
order to establish meaningful specifications has been underlined in this study. Three oil-in-
water cream formulations were analysed in this regard, namely, Mometasone Cream,
Terbinafine Cream and Aqueous Cream B.P. Six laboratory scale batches (1 kg) of each
cream were prepared, each with differing amounts of wax / surfactant content. This
provided a means of varying the viscosity of each batch from acceptably high to acceptably
low values in terms of cream appearance, texture and consistency. It was found that the
viscosity curve test, analysing the viscosity of the cream formulations at multiple shear
rates, was a highly reproducible procedure in comparison to a single-point viscosity
measurement method performed using a viscometer, where poor temperature control and
lack of a well-defined gap width resulted in poor reproducibility of viscosity measurements.
On completing a 3-month analysis period at storage temperatures of 25°C and 40°C during
which changes in batch viscosity and appearance were monitored, viscosity curve analysis
revealed cream hardening phenomena occurring in most of the cream batches. This allowed
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for a thorough characterization of the creams’ viscosity and assisted in the setting of
suitable viscosity specifications. A method has therefore been developed that can be used in
the establishment of suitable viscosity specifications for cream formulations that take into
account deviations in viscosity that could occur during development, including evaluation
at real-time and accelerated environmental testing conditions.
In cream formulations, varying the concentration of the disperse phase or emulsifying agent
can affect the rheological behaviour of the product (Lund, 1994), while increased time and
temperature of storage may affect the stability of the product. A thorough rheological
characterization may thus provide a reliable predictive tool during early stage development
of the product (Kutschmann, 2003). An informal stability study over a period of 3 months
at storage temperatures of 25°C and 40°C was undertaken on three oil-in-water cream
formulations, namely, Mometasone Cream, Ketoconazole Cream and Cetomacrogol Cream
B.P. By varying the concentration of surfactant or wax component in each cream batch,
differing degrees of physical stability could be obtained. Various rheological tests were
performed utilising oscillatory test analysis, incorporating thermal stability test procedures.
On comparison with the directly observed changes in physical stability of each batch of
cream, the results obtained by these tests varied considerably in terms of assessing the
stability of these batches. Reasons for this variation were presumed to be partly due to
differences in the upper and lower portions / layers of the cream samples, especially those
batches exhibiting phase separation; analysis of the individual layers would thus result in
differing viscoelastic properties being found to occur within a particular cream structure.
An exception was found when the creams were analysed using oscillation-frequency sweep
tests, with the aim being to ascertain whether changes in viscoelastic character could be
associated with directly observed changes in physical stability. Viscoelastic character, with
regard to mean tan d values, displayed a reasonably good association with the physical
appearance of the creams, when evaluated as an accumulative mean and relative standard
deviation after the stability-testing period. This test could therefore provide a good
estimation for the detection of cream instability and impending product failure as suggested
by Rieger (1991).
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The scope of rheological measurements in the area of quality control was also investigated
using two pharmaceutical ointment formulations, namely, Betamethasone Ointment and
Chloramphenicol Ointment, as well as their soft paraffin raw materials. Observable
differences in continuous shear and oscillatory data were obtained when analysing both
ointments, respectively. In particular, the destructive oscillation-frequency sweep test
produced valuable comparative information when evaluating the viscoelasticity of the
Chloramphenicol Ointment batches. Negligible differences were determined between the
rheological character of the soft paraffins and that of their corresponding final ointment
formulations; and it is thus possible that the manufacturing process may have greatly
influenced the final product rheology. However, the use of rheological techniques in
uncovering inter-batch variations in raw material quality could still be of critical
importance.
Another important aspect for consideration during the development of semisolid products is
the degree to which the rheological properties of formulations during development are
relevant and valid for production purposes, taking into account critical process parameters
such as mixing speed and cooling rates during manufacture. An evaluation of scale-up and
processing conditions during the manufacture of cream formulations was undertaken on
batches of Mometasone Cream and Clotrimazole Cream, respectively. By comparing the
rheological characteristics of a small-scale 1 kg laboratory batch and large-scale 300 kg
production batch, analysis allowed for a thorough characterization of cream rheology
during scale-up and although no significant differences could be found, they did allow for a
greater degree of confidence when assessing scale-up properties. The effect of processing
conditions such as cooling rate and mixing speed employed during cream preparation on
resultant rheological response variables revealed significant changes in viscosity and
rheology of the creams as the independent processing factors were varied. In particular, the
mixing speed was found to influence all measured response values, while significant
interactive effects between both factors were also obtained.
It can thus be seen that the rheometer can be employed as an effective tool in the
formulation of various cream and ointment products, since a large number of rheological
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tests can be performed which can be varied and customized to provide important supportive
information in the development of a quality product. In addition, the determination of
viscoelastic data adds a new dimension to conventional testing methods, especially in the
fields of quality control and the assessment of stability changes, since microstructural
characteristics can now be evaluated on a practical level. The ability to combine these tests
and their resultant information consequently allows for a holistic appraisal of product
rheology. It has been shown that regulatory authorities try to narrow specifications for a
new drug product closely around stability data, ensuring that the quality of the marketed
product is produced within tight limits that is similar to the quality for which it is registered
(Wessels et al., 1997). Thus rheological measurements can play an integral role in the
thorough characterisation of the final product from pre-formulation to scale-up and stability
analysis.
Various recommendations can however be made with regard to the above study. It is
necessary that a formal stability study be undertaken, incorporating environmental
conditions specified by the International Conference on Harmonisation on stability testing,
where the product’s thermal stability can be adequately evaluated. It is recommended that a
more detailed stability assessment study be performed, ideally with additional
concentrations of wax or surfactant components being integrated into the study. This will
allow for a comprehensive examination of the product rheology in response to varying
temperatures and times of storage, especially that of viscoelastic behaviour of the samples.
Recently manufactured rheometers can be equipped with an integrated video recorder,
which allows the user to visually examine microscopic changes occurring in the sample
structure during any rheological test. This would prove very useful in correlating test data
with real-time physically observed structural characteristics. Further evaluation of the use
of rheology in characterizing raw material quality is suggested, as this can also be of crucial
consequence in the formulation and manufacture of a quality final product. The use of
temperature profiles and thixotropic step tests, while not producing critically important
results, still warrant further investigation due to their realistic and convenient approach to
product analysis and structural evaluation.
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INTRODUCTION
While rheometry is one of the important methods for elucidation of structure of semisolid 
systems, changes in rheological behaviour can signify instability or at least indicate a particular 
kind of instability (Gašperlin et al., 1998). This study was therefore aimed at assessing the 
viscoelastic properties during stability, occurring in 3 oil-in-water cream formulations, 
comprising different ratios of surfactant or lipophilic phase components, using rheological test 
methods.
METHODOLOGY
Batches of an antifungal cream containing 1% w/w and 3% w/w total surfactant content, a 
corticosteroid cream containing 2% w/w and 15% w/w beeswax content and Cetomacrogol 
Cream B.P. containing 10% w/w and 30% w/w cetomacrogol emulsifying wax content were 
manufactured and analysed using oscillatory rheometry. Measurements were conducted using a 
Haake RS1 controlled stress / controlled rate, air-bearing rheometer (Karlsruhe, Germany) in 
conjunction with cone-plate geometry (60 mm diameter, 1° cone angle, gap width of 53 µm).
Amplitude sweeps from shear stress ranges of 0.5 – 200 Pa and frequency sweeps from 
frequencies of 0.1 – 100 Hz were performed in order to measure the viscoelastic properties of the 
creams. The storage modulus (G’), characterizing elastic behaviour and loss modulus (G”), 
characterizing viscous behaviour were measured and the loss tangent (tan d), indicating the ratio 
between the viscous and elastic portion of the sample, was obtained. Values of tan d < 1 
characterize predominant elastic behaviour and values tan d > 1 indicate prevailing viscous 
behaviour (Gašperlin et al., 1998). Analysis frequencies of 0.1 Hz and     100 Hz enabled 
simulation of long- and short-term behaviour of the samples, respectively (Mezger, 2002).
The physical stability of each formulation was monitored over 12 weeks storage at 25°C and 
40°C. Rheological measurements were performed at 0, 4, 8 and 12 weeks in triplicate.
Oscillation-frequency sweep analysis comprised of plotting the measured loss factor (tan d) 
values as function of frequency. The mean tan d values for each cream formulation was then 
calculated after the 3-month storage period at 25°C and 40°C, using the method proposed by 
Gašperlin et al. (1998), as depicted in Tables 1 and 2, respectively. On comparison of means 
obtained between the 15% w/w and 2% w/w beeswax content batches of the corticosteroid 
cream, it was found that at 0.1 Hz, the 15% w/w batch obtained higher values than the 2% w/w 
batch at 25°C, with converse behaviour at 40°C. At 100 Hz, however, lower tan d values were 
calculated for the 15% w/w batch than the 2% w/w batch at both storage temperatures. This 
provides evidence that at a higher frequency, simulating short-term behaviour, the 2% w/w batch 
exhibited greater viscous behaviour than the 15% w/w batch, which is in keeping with the 
observed physical assessment of stability. In addition at 100 Hz, larger percentage relative 
standard deviations (% RSD) were displayed by the 2% w/w formulation than that of the 15% 
w/w formulation which could serve as an indication of the inconsistent texture observed by the 
former batch. Similar findings were noted when analysing the antifungal cream formulations, 
where at the high frequency    (100 Hz), the 3% w/w formulation achieved lower mean tan d
values at both storage temperatures than the 1% w/w formulation. Percentage RSDs of the 1% 
w/w batch were also greater than that of the 3% w/w formulation, which corresponds with the 
physical appearance of the samples, namely, the presence of phase separation in the 1% w/w 
batch  while the 3% w/w batch did not separate.
RESULTS AND DISCUSSION
Upon a subjective visual assessment of the appearance and physical stability of the cream batches 
over time, phase separation was noted in both the 1% w/w batch of antifungal cream, as well as in 
the 10% w/w formulation of Cetomacrogol Cream at both storage temperatures. In addition, a 
yellowish-white liquid exudate formation was observed in the 2% w/w batch of corticosteroid 
cream after only a few days storage at 25°C and 40°C, which continued throughout the assessment 
period. The other cream batches displayed good texture, feel and consistency throughout the 
duration of the study and were thus taken as a control group with which to compare the stability of 
the former batches.
Amplitude sweeps were then performed to determine the linear viscoelastic (LVE) range from the 
storage modulus (G’) curves of each cream sample in order to test the samples in their “rheological 
ground state”, where the underlying structure of the viscoelastic material is not destroyed 
(Eccleston et al., 1973). The deformation (?) experienced by each sample as a result of the applied 
shear stress was obtained and plotted onto a graph against values of storage (G’) and loss moduli 
(G”) on a double logarithmic axis (Figure 1). A single deformation value was then chosen from 
within the LVE ranges of each sample, to be used as an inclusion parameter in subsequent 
oscillation-frequency sweep tests.
The results obtained for the Cetomacrogol Cream formulations revealed increased viscous character 
in the 10% w/w batch when analysed at 0.1 Hz at both temperatures, since larger mean tan d values 
were obtained when compared to the 30% w/w batch. In addition, analysis at 40°C revealed loss 
factor values greater than 1 at both frequencies, indicating predominant viscous behaviour in the 
10% w/w batch. This behaviour was in fact evident from as early as 4 weeks of storage as indicated 
in Figure 2. Similar larger % RSDs were obtained for the  10% w/w batch than the 30% w/w 
formulation. Since these values at the 0.1 Hz compare favourably with the actual cream appearance, 
they could in fact give an indication of the long-term structural stability of these creams.
Table 1: Mean, SD and RSD of tan d at 0.1 Hz and 100 Hz during a period of 3 months storage at 25°C
38.870.8800 ± 0.342110.840.5589 ± 0.060610%(Emulsifying Wax)
35.581.0016 ± 0.35646.340.3579 ± 0.022730%Cetomacrogol Cream
53.351.2938 ± 0.690220.380.5884 ± 0.11991%(Total Surfactant)
20.280.8164 ± 0.165610.770.6061 ± 0.06533%Antifungal Cream
63.820.2786 ± 0.177846.400.2776 ± 0.12882%(Beeswax)
34.770.2183 ± 0.075945.220.3074 ± 0.139015%Corticosteroid Cream
RSDTan d ± SDRSDTan d ± SD
100 Hz0.1 HzFormulation with %  w/w varied 
component
Table 2: Mean, SD and RSD of tan d at 0.1 Hz and 100 Hz during a period of 3 months storage at 40°C
99.491.3467 ± 1.3399143.072.3096 ± 3.304310%(Emulsifying Wax)
43.670.8345 ± 0.36445.330.3792 ± 0.020230%Cetomacrogol Cream
111.052.3418 ± 2.600523.610.5773 ± 0.13631%(Total Surfactant)
57.580.9022 ± 0.519510.680.6037 ± 0.06453%Antifungal Cream
48.440.3237 ± 0.15682.500.4478 ± 0.01122%(Beeswax )
19.360.2624 ± 0.050815.650.4212 ± 0.065915%Corticosteroid Cream
RSDTan d ± SDRSDTan d ± SD
100 Hz0.1 HzFormulation with % w/w varied 
component
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CONCLUSIONS
Increased viscous behaviour was found to occur in the 2% w/w batch of corticosteroid cream, 
which displayed exudate formation, and 1% w/w batch of antifungal cream, which exhibited phase-
splitting behaviour, when analysed at a frequency of 100 Hz, simulating short-term stability. 
Similar behaviour was obtained at 0.1 Hz, which simulates long-term behaviour, when analysing 
the Cetomacrogol Cream containing 10% w/w cetomacrogol emulsifying wax content, which had 
also undergone phase-separation. Large % RSDs were also produced by these batches, implying 
that inconsistencies were present in the cream structures, thus displaying a direct relationship with 
the physical appearance of these formulations.
It is therefore evident that the predictive capability of this test method, with regard to assessing 
increased viscous character, has some advantage in stability analysis, otherwise overlooked by 
conventional rheological testing operations. It is thus recommended that when used in conjunction 
with other recognized research procedures, the oscillation-frequency sweep could act as crucial 
supportive technique in the development of a quality product.
Figure 1: Linear Viscoelastic (LVE) range measured at 25°C for the antifungal cream 
containing 3% w/w total surfactant content at Time 0. A deformation value of 0.1% (indicated 
on the graph) was chosen for inclusion into the subsequent frequency sweep analysis.
Figure 2: Oscillation-Frequency sweep of Cetomacrogol Cream containing 10% w/w 
cetomacrogol emulsifying wax after 1 month storage at 40°C. The loss modulus (G”) curve 
crosses and predominates over storage modulus (G’) values at 0.1 Hz and 100 Hz, 
corresponding to the tan d values greater than 1  measured at these frequencies.
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
SD, Standard Deviation; RSD, Relative Standard Deviation, expressed as a percentage
LVE Range
- 237 -
At the time of printing the dissertation only the proof copy was available for the following
paper.
Method for developing a suitable rheological specification for topical oil-in-water
(o/w) cream formulations
Nelesh Jaganath a,*, Matthew Worthington b, Gareth Kilian a and Chris Stubbs b
a Nelson Mandela Metropolitan University, P.O. Box 77 000, Port Elizabeth,  6031
b Aspen Pharmacare, 7 Fairclough Road, Korsten, Port Elizabeth, 6014
Abstract
This study focussed on the use of rheological techniques to establish a method for
determining justifiable rheological specifications for cream formulations. A series of
batches of 2 oil-in-water cream formulations and an Aqueous Cream B.P. were prepared,
with batches ranging from high to low viscosities, achieved by increasing or decreasing the
wax / surfactant component in the creams. These were then evaluated using a Haake RS1
rheometer (Karlsruhe, Germany). Viscosity curves, thixotropic loops and yield stress
determinations were generated at 25°C. All creams demonstrated shear-thinning behaviour.
A relatively linear (R2 = 0.90) increase in viscosity with increasing concentrations of wax /
surfactant component was observed, while yield points and thixotropic nature of the creams
were varied. Hence the viscosity curve test was found to be most suitable for establishing a
specification due to its greater discriminatory power between varying wax content and
resultant viscosity measurement. Analysis of the batches over 3 months storage at 25°C and
40°C revealed that a progressive cream hardening had occurred in most creams. A method
was thus developed that, in conjunction with an integrated assessment of physical product
properties, assessed the change in viscosity with long-term storage, allowing for a more
robust and realistic viscosity specification to be set.
Keywords: rheology, specification, thixotropy, yield point, viscosity, shear
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1.       Introduction
Pharmaceutical materials range in consistency from fluid to solid properties. Semisolid
products such as creams, ointments, gels and pastes are the most difficult to characterize
rheologically because they combine both liquid and solid properties within the same
material. (Herh et al., 1998) Historically, most testing on viscosity has been done by a
single-point measurement, that is, testing the fluid viscosity under only one condition of
shear or averaged shear (Brookfield, 1999). In most quality control operations, a single-
point viscosity measurement is taken to verify that the material is within specification
(McGregor, 1999). These determinations can be poorly reproducible since they do not take
into account changes in viscosity that can occur with differing temperatures of the product
and shear rates employed during analysis. Setting of viscosity specifications were thus not
generated by justifiable means, resulting in excessively wide ranges of viscosity
specifications being used.
As opposed to single-point viscosity determinations, rheological measurement techniques
are an important route to revealing the flow and deformation behaviour of a material and
thus can be an indirect measure of product consistency and quality. A South-African based
pharmaceutical manufacturer has experienced problems with regard to establishing
adequate viscosity specifications for two development creams, a corticosteroid cream,
Cream A and an antifungal cream, Cream B. Using a single-point viscosity measurement
method, it was found that the specification set for the respective creams was unsatisfactory
for fully characterizing the viscosity variances that were occurring, the result being that
several viscosity measurements were not within specification. Thus the quality of the
creams might be acceptable but fail specification as a result of the variability of the test
method. Conversely, the cream’s viscosity may be within specification, but the method
insufficiently accurate, thus failing specifications. In addition, manufacturers should be able
to reproduce the consistency of their products and hence many of the parameters
contributing to a subjective assessment of consistency, such as viscosity, elasticity and
ductility, may be measured rheologically (Barry and Grace, 1971). It is also important that
formulations have maximum patient and consumer acceptability, besides possessing the
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correct physicochemical and biopharmaceutical properties. The correct consistency helps to
ensure that a suitable dose is applied to the skin, which is particularly important with
vehicles incorporating potent drugs such as corticosteroids, which may produce undesirable
side effects when applied in large doses. (Barry and Meyer, 1973) It is therefore essential
that a method be established for setting specifications for creams based upon data from
comprehensive rheological assessments, including evaluation of actual physical appearance
and feel, in order to establish justifiable and meaningful viscosity specifications.
The focus of evaluation for this study was therefore aimed at the analysis of the
development creams, A and B, containing a corticosteroid and antifungal agent,
respectively. A third cream, Aqueous Cream (The Pharmaceutical Codex, 1979) was also
examined as a supportive measure for the analytical procedure. This study can therefore be
divided into two sections. Firstly, an assessment and selection of the most appropriate
rheological test ranging from viscosity curves, thixotropic loop tests and yield point
determinations, necessary to set adequate cream specifications, shall be undertaken.
Secondly, the creams will be assessed, both physically and rheologically, under varying
temperature storage conditions, with the aim of ultimately establishing justifiable
specifications.
2.      Materials and Methods
2.1. Materials
Beeswax (Lionheart, South Africa) and White Soft Paraffin (Castrol, South Africa) formed
the wax and lipophilic portions, respectively, used in the preparation of Cream A. A
combination of Cetyl Alcohol (Lionheart, South Africa), Cetyl Palmitate (Cognis, South
Africa), Isopropyl Myristate (Chemimpo, South Africa) and Sorbitan Monostearate
(Arlacel 60®, Croda Chemicals, South Africa) formed the surfactant content of Cream B,
while Propylene Glycol (Lanxess, USA) was a component of the aqueous phase of the
formulation. Emulsifying Wax (Croda Chemicals, South Africa), White Soft Paraffin
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(Castrol, South Africa), Liquid Paraffin (Engen Petroleum, South Africa) and Chlorocresol
(CJ Petrow Chemicals, South Africa) were used for the preparation of the Aqueous Cream.
All materials used were either of B.P., E.P. or U.S.P grade.
2.2.   Cream Preparation
Six batches (1 kg) of each cream were prepared. Varying viscosities were obtained by
varying the concentration of wax / surfactant components in the creams. The concentration
of beeswax in the Cream A was increased in the rank order: 2% w/w, 5% w/w, 10% w/w,
15% w/w, 17% w/w and 20% w/w, with the white soft paraffin concentration decreasing
accordingly. The concentrations of cetyl palmitate, cetyl alcohol, stearyl alcohol and
sorbitan monostearate in Cream B were all increased proportionally to a final surfactant
concentration of 16% w/w, 20% w/w, 24% w/w, 26% w/w, 28% w/w and 32% w/w, with
the propylene glycol concentration decreasing accordingly. Each batch was prepared by
melting the wax components at approximately 70°C before being added to the hydrophilic
phase at the same temperature. The mixture was homogenized using a high-speed turbine
mixer (Silverson L2R Mixer / Emulsifier, Waterside, Chesham, Bucks, England) and
allowed to cool to room temperature. The Aqueous Cream B.P. was manufactured
according to the method specified in The Pharmaceutical Codex (1979). The concentration
of emulsifying wax in the Emulsifying Ointment was increased in the rank order: 15% w/w,
20% w/w, 25% w/w, 30% w/w, 40% w/w and 45% w/w, with the white soft paraffin
concentration decreasing accordingly. A rest period at least 24 hours was observed before
further analysis (storage temperature and relative humidity not exceeding 25°C and 45%,
respectively).
2.3. Shear Rheology
Shear measurements were conducted using a Haake RS1 controlled stress / controlled rate,
air-bearing rheometer (Karlsruhe, Germany) in conjunction with cone-plate geometry
(60 mm diameter, 1° cone angle, gap width of 53 µm) at a constant temperature of 25°C. A
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sample of each cream was gently placed onto the lower plate of the rheometer using a
stainless steel spatula. The upper cone-plate was then lowered into position and the sample
remained undisturbed for 5 minutes (to allow for temperature equilibration at 25°C) before
beginning the rheological analysis.
Flow curves were generated in controlled-rate mode, with shear rates ranging from
0 – 120 s-1 for a duration of 45 s with 45 data points being collected. The apparent viscosity
as a function of shear rate was then monitored. Flow curves from 0 – 800 s-1 were further
generated for Cream A in order to simulate shear rates representative of some typical
pharmaceutical operations, such as topical application and squeezing from a tube (Wood,
1986).
Thixotropic loops were produced in controlled-rate mode with upward and downward flow
curves being measured over shear rate ranges of 0 – 200 s-1. In each case, the shear rate was
increased over a period of 60 s (40 data acquisition points), held at the upper limit for 30 s
(20 data acquisition points), then decreased over a period of 60 s (40 data acquisition
points). Resultant thixotropic area between curves was then recorded.
By constructing controlled-stress flow curves, the yield points of the creams could be
established by applying the deformation as a function of the controlled stress using a
logarithmic axis calculation. Shear stress ranges of 0.5 – 500 Pa were applied at 25°C
(Duration: 240 s, 270 data acquisition points).
2.4. Stability Study: Assessment of Changes in Appearance and Rheology
The appearance of each batch of cream was evaluated subjectively in terms of physical
character such as texture, feel and consistency, with acceptable formulations displaying
adequate integrity of shape and homogeneity. These creams should be easily spreadable
onto the skin and not leave a significant amount of oily, waxy, greasy or powdery residue.
They should also be free of lumps and display a good consistency to touch. Formulations
that were not judged favourably in terms of these conditions were deemed unacceptable for
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inclusion into a specification. The creams that were found to be acceptable were then
evaluated in High Density Polyethylene (HDPE) containers at storage temperatures of 25°C
and 40°C over a screening period of three months. Samples were withdrawn after 0, 1, 2
and 3 months. Analysis of the creams at T0 occurred directly after manufacture. At each
sampling interval the creams were assessed for texture, feel and consistency and analysed
using the rheological test proven to be most effective at setting a specification (according to
section 2.3. above).
2.5. Statistical Methods
All measurements were performed in triplicate. Statistical analysis comprised of calculating
mean values, standard deviations and relative standard deviations using the software
application Microsoft Excel®. Thixotropic areas and yield stress determinations were
obtained using a software function on the rheometer (RheoWin Pro 2.94). Where
applicable, a student t-test was utilised to compare means of the measured rheological
parameter, with significant differences defined as p < 0.05.
3.       Results and Discussion
3.1. Shear Rheology
3.1.1. Viscosity Curves
The viscosity curves for Cream A prepared with varying concentrations of beeswax are
shown in Figure 1. The batch containing 20% w/w beeswax was too viscous for adequate
homogenisation to take place and was therefore excluded from analysis in the study.
All batches displayed shear-thinning, plastic flow behaviour. It can be seen that at high
shear rates (320 – 800 s-1), the viscosities of individual batches tend to level off at
approximately 1 000 mPa.s to 3 000 mPa.s and discrimination between individual batches
becomes difficult. The area with the greatest difference in batch viscosities, however, can
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be found over the 10 – 160 s-1 shear rate region. This region therefore shows the greatest
differentiation in cream viscosity as a function of beeswax concentration. The ability of the
analytical method to detect small changes in viscosity is therefore greatest within this shear
range. Two shear rates within this region were therefore chosen for further analysis of the
batches, namely, 20 s-1 and 70 s-1. Viscosity curves were generated for Cream B and
Aqueous Cream in a similar manner, with two shear rates chosen at which good
differentiation between individual formulation viscosities could be seen. These were 20 s-1
and 70 s-1 for Cream B and 20 s-1 and 60 s-1 for Aqueous Cream. Figures 2, 3 and 4 depict
mean viscosity as a function of wax / surfactant concentrations of the 3 creams at these
selected shear rates.
It can be noted from the above figures that near linear increases in mean viscosity occurred
with increasing wax / surfactant concentration (R2 = 0.90) in all 3 creams. Recorded
percentage relative standard deviations (RSD) were small ranging from 0.97% (in the
Cream A batch containing 5% w/w beeswax measured at a shear rate of 20 s-1) to 8.99% (in
the Cream B batch containing 20% w/w total surfactant content measured at 70 s-1).
3.1.2. Thixotropic Loops
Thixotropic or “hysteresis” loops were generated for the creams and plotted as rheograms
of shear stress against shear rate. Figure 5 shows the thixotropic loops produced by the
Aqueous Cream formulations containing varying concentrations of emulsifying wax. The
difference in area under the curves between the upward and downward curves was
calculated as thixotropy in Pa/s. The presence of the hysteresis loop indicates that a
breakdown in structure has occurred and the area within the loop may be used as an index
of the degree of breakdown (Marriott, 2002). A lower thixotropy value would be expected
in a thinner product since less deviation from the initial structure would occur, that is, less
structural breakdown would occur since a lower shear stress is needed to be applied to the
sample.
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Mean thixotropic areas and standard deviations measured for the formulations were as
follows: 15% w/w = 8 533.67 ± 102.48 Pa/s, 20% w/w = 13 826.67 ± 890.30 Pa/s,
25% w/w = 12 710.00 ± 248.80 Pa/s, 30% w/w = 13 820.00 ± 1 636.80 Pa/s,
40% w/w = 14 603.33 ± 2 202.14 Pa/s and 45% w/w = 28 400.00 ± 2 399.81 Pa/s.
The following relationship between mean thixotropic area and increasing emulsifying wax
content was found when analysing the Aqueous Cream formulations (Figure 6).
A plateau in thixotropic areas measured occurs over the 20% w/w to 40% w/w emulsifying
wax concentration range. Thus similar values for thixotropy were obtained for batches
formulated within this range. Establishing a specification for this cream would be quite
difficult since a major formulation change such as increasing the emulsifying wax
concentration from 20% w/w to 40% w/w could result in the same thixotropic value being
obtained with no differentiation between individual batches being made. Similar thixotropic
areas were also measured in batches of Cream A and B containing varying beeswax and
total surfactant concentrations, respectively.
 It is also noticeable from Figure 5 that the upward flow curves of the 40% w/w and
45% w/w batches in particular are not as uniform and “smooth” as that of the other batches,
especially at the shear rates exceeding 120 s-1. This is emphasized by the larger standard
deviations that were recorded for these batches. These formulations are probably exhibiting
wall slip effects or plug flow, where due to the appreciable solid content, that is, increased
emulsifying wax concentration, shear planes or slippage planes are produced within the
sample. In such a system, one portion of the sample moves with the shear stress, while the
residue remains at rest. It is for this reason that reproducibility of measurements could be
affected for these formulations. (Wood, 1986) Chang et al. (2003) have also noted that wall
slip could be caused by large velocity gradients in a thin region of the sample adjacent to
the sensor wall, where the viscosity is low because of a reduced concentration of suspended
phase. Both Creams A and B also revealed wall-slip effects, especially at the higher wax /
surfactant concentrations. Various ways of eliminating wall slip effects have been
suggested, namely, altering the surface roughness of the sensor wall by sand blasting,
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sticking profiled material or bonding a rough surface such as sandpaper to the plates,
reducing the diameter of the measuring sensor, increasing the gap size, or reducing damage
to the sample during loading (gap closure) by slowing the closure by means of normal force
compensation (Chang et al., 2003).
3.1.3. Yield Point Determinations
Yield point determinations are performed by applying a gradually increasing controlled
stress to the cream sample. The stress at which the greatest amount of deformation is
experienced is then recorded as the yield point. Variations in yield points can effect topical
application of the product. The yield value should be high enough so that the cream stays
on the skin after being taken out of its container, but also low enough that subsequent shear
thinning occurs allowing ease of spreading on the skin. It has also been suggested that the
yield stress may be correlated to the consistency of a product (Barry and Grace, 1972). The
mean yield stress measured for Cream B is displayed in Figure 7.
No distinct proportionality between wax content and corresponding yield stress is apparent
for all batches of Cream B. This is emphasized in the change in yield point measured for
the 16% w/w and 32% w/w total wax batches, where the 32% w/w wax formulation
recorded a large increase in yield stress – nearly 9 times the mean value for the 16% w/w
formulation. This non-linear behaviour makes it impossible for establishing justifiable
specifications for this cream since no relationship between wax content and measured yield
value was noted. Similar trends were noted when analyzing the yield point measurements
of Cream A and Aqueous Cream.
In summary, it can be seen that thixotropic loop tests can provide a good evaluation of the
structural character of the cream since the strength of structural bonds and the nature of the
breakdown of these bonds can be quantified. However, the results of this test did not show
any correlation with changing formulation parameters such as varying wax concentrations,
which is necessary if a stable formulation with acceptable and reliable quality specifications
are to be set. Similarly, yield point determinations were also lacking in discriminatory
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power, with no clear relationship between increasing wax content and corresponding yield
value being measured. The ability to produce repeatable and predictable results is essential
in a production environment and thus a non-linear relationship associated with high
variability is not ideal. Large deviations in measured results were also obtained
emphasising the ineffectiveness of these tests.
However, the viscosity curve test was highly reproducible, where % RSDs were less than
5% in all batches that were tested, except for the Cream B batch with 20% w/w total wax
content. A distinct correlation with increasing wax / surfactant content and viscosity was
presented and therefore a greater discriminatory power between individual batches was
attained. This test would therefore be the preferred test for setting a suitable viscosity
specification for cream formulations and was thus used for further assessment of the creams
over the 3-month screening stability period.
3.2. Stability Study
3.2.1. Assessment of Physical Appearance
An assessment of the physical properties of the formulations was undertaken based on
appearance, consistency, texture and spreadability onto the skin, in order to categorize
batches that were either too viscous or displayed very low viscosity. These formulations
were not considered acceptable for inclusion into the specification. Cream A batches
containing 17% w/w and 20% w/w beeswax were very highly viscous, while it was noticed
that after approximately 3 days of storage at 25°C and 40°C, the formulations containing
2% w/w and 5% w/w beeswax content exhibited an exudate formation on the top of the
creams. Thus, based on physical appearance, only the batches containing 10% w/w and
15% w/w beeswax were considered acceptable for inclusion into a viscosity specification
since these batches displayed good consistency and homogeneity throughout the screening
period. The batches of Cream B containing 16% w/w and 20% w/w total wax content
displayed a low viscosity to the touch, while the 24% w/w and 26% w/w formulations were
all smooth and demonstrated good texture, feel and consistency. The 28% w/w and
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32% w/w formulations were very viscous to the touch and the 32% w/w batch in particular
produced visible flaking after being applied to the skin. Only the 24% w/w and 26% w/w
wax content batches showed acceptable texture, feel and consistency. All formulations of
the Aqueous Cream displayed smooth, shiny appearance, however, only the batches
containing 25% w/w and 30% w/w emulsifying wax were chosen for inclusion into a
viscosity specification, since the other batches displayed either a very low viscosity
(namely, the 15% w/w and 20% w/w batches) or a very high viscosity (namely, the 40%
w/w and 45% w/w batches), which impacted on the consistency and feel of the creams.
3.2.2. Change in Viscosity over Time
The change in viscosity of the 10% w/w and 15% w/w beeswax formulations of Cream A
throughout the 3-month storage period at 25°C and 40°C is graphically represented in
Figures 8 and 9. A shear rate of 70 s-1 was chosen to analyse the change in viscosity for this
batch since good discrimination of individual batch viscosities could be seen at this shear
rate (refer section 3.1.1). Similarly viscosity-time curves of the 24% w/w and 26% w/w
total surfactant batches of Cream B and the 25% w/w and 30% w/w emulsifying wax
formulations of Aqueous Cream are also displayed in Figures 10, 11, 12 and 13.
The viscosity of the 10% w/w beeswax formulation of Cream A (Figure 8) increased
significantly over the first month at 25°C storage (p = 0.00001), but plateaued off during
the next 2 months of storage, while, viscosity increased to a lesser extent after storage at
40°C. A near linear increase (R2 = 0.95) in viscosity is obtained for the 15% w/w
formulation after 3 months storage at 25°C (Figure 9). However, the viscosity
measurements varied during 40°C storage with the greatest viscosity variation from T0
being calculated after 2 months storage (p = 0.00001). The viscosity of the 24% w/w total
surfactant batch of Cream B (Figure 10) remained relatively constant at 25°C storage
temperature throughout the testing period. At 40°C storage however, the viscosity increased
linearly (R2 = 0.99) over the 3-month period. The total viscosity increased approximately
by 5 000 mPa.s (p = 0.014). Figure 11 shows that the viscosity of the 26% w/w total wax
formulation also increased with time for both storage temperatures with a greater increase
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occurring at 40°C than at 25°C storage. When analysing the Aqueous Cream batch
containing 25% w/w emulsifying wax (Figure 12), a large significant increase in viscosity
of approximately 6 500 mPa.s (p < 0.001) was measured after 3 months storage at 40°C,
while at 25°C storage, the viscosity decreased significantly by approximately 1 500 mPa.s
(p < 0.0001) after 3 months. Similar behaviour was observed in the 30% w/w batch (Figure
13), except that viscosity values increased and decreased to a lesser extent at 40°C and
25°C storage, respectively. It was also noted that % RSDs tended to increase with storage
time for most cream batches, especially at the high storage temperature. This could be an
indication of inhomogenieties in the cream structure as a consequence of the high
temperature stress placed on it, the result being that varying viscosities are produced from
random samples of the cream.
4.    Conclusion
Based on various rheological techniques, a thorough characterization of the creams was
obtained. It was found that although thixotropic loop tests provided a good evaluation of
the structural character of the creams, the results of this test did not show any consistent
correlation with changing formulation parameters such as varying wax concentrations.
Similarly, yield point determinations were also found to be lacking in discriminatory power
since no clear relationship between increasing wax content and corresponding yield value
was obtained. The presence of large deviations in these results also serves as an indication
of the ineffectiveness of these tests. However, the viscosity curve test was highly
reproducible, with low % RSDs being recorded for all cream batches and a distinct
association with increasing wax / surfactant content and viscosity was attained. It was thus
found that the viscosity curve test provided a suitable means of establishing specifications
for cream formulations due to its ability to achieve a greater discriminatory power between
individual batch viscosities in conjunction with the high reproducibility of its results.
Visual inspection for appearance and stability problems, for example, poor consistency and
evidence of phase separation resulted in only two batches of each cream being found to be
suitable for inclusion into a viscosity specification. Analysis of these batches over 3 months
storage at 25°C and 40°C revealed a progressive increase in viscosity with cream hardening
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occurring in most creams throughout the screening period. Thus a useful prediction of the
change in viscosity with long-term storage was achieved, which will allow for a more
robust and realistic viscosity specification to be set.
It can be recommended that for a thorough and complete characterization of cream
viscosity, a specification should incorporate all possible changes in viscosity measurement
that could occur for a particular product. This can be achieved by setting the lower and
upper limit of the specification according to the lowest and highest viscosity reading
obtained, respectively for a particular product. Thus a suitable specification for Cream A
can be established approximating between 7 000 mPa.s (obtained by the 10% w/w beeswax
formulation at T0) and 15 000 mPa.s (obtained by the 15% w/w beeswax formulation at T3
at 25°C storage), when measured at a shear rate of 70 s-1. Similarly, a range of 8 000 mPa.s
(24% w/w total wax formulation at T0) to 14 000 mPa.s (26% w/w total wax formulation at
T3 at 40°C storage) was decided upon for Cream B when measured at 20 s-1. At the same
shear rate, a specification of 6 000 mPa.s to 13 000 mPa.s (obtained from the 25% w/w
emulsifying wax formulation at T0 and T3 at 25°C storage, respectively) can be established
for the Aqueous Cream. The above specifications have only been set at one rate of shear
since a complete depiction of product viscosity, with all possible deviations that could arise
at this shear rate, has already been determined as described in this study. In addition, this
method would facilitate ease of interpretation of viscosity results for a particular product.
The following method is therefore recommended when setting viscosity specifications for
cream formulations during product development:
· Prepare 6 batches (1 kg size) of the cream by decreasing or increasing the
concentration of wax components in the formulation so that viscosities ranging from
acceptably low to acceptably high values, in terms of appearance, texture and
consistency, can be obtained. A generic company may use the innovator product as
a benchmark for this step.
· Analyse each batch using the viscosity curve test employing a shear rate range of
0 – 120s-1 at a set temperature. From the viscosity curve, identify a shear rate region
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at which the greatest differentiation between individual batch viscosities can be
found. The shear rate selected can be used for future batch testing.
· In order to eliminate unstable batches from the specification, it is recommended that
each batch be assessed in accordance with International Conference on
Harmonisation (ICH) stability testing conditions (5°C ± 3°C; 25°C ± 2°C / 60%
Relative Humidity (RH) ± 5% RH; 40°C ± 2°C / 75% RH ± 5% RH) for a period
corresponding to the intended shelf-life of the product (ICH Harmonised Tripartite
Guideline, 2000).
· Preliminary specifications based on the viscosity of the creams can be established,
with upper and lower specification limits be identified based upon acceptable
stability, appearance, feel and consistency.
· A final specification is established upon completion of the full stability study.
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Figure 1: Viscosity curves of Cream A formulations at 25°C, prepared using 2% w/w, 5% w/w,
10% w/w, 15% w/w and 17% w/w beeswax concentrations.
Figure 2: Graph of mean viscosity vs. beeswax content for Cream A at 25°C at shear rates of 20 s-1
and 70 s-1 (n = 3).
Figure 3: Graph of mean viscosity against total wax content for Cream B at 25°C at shear rates of
20 s-1 and 70 s-1 (n = 3).
Figure 4: Graph of mean viscosity against emulsifying wax content for Aqueous Cream B.P. at
25°C at shear rates of 20 s-1 and 60 s-1 (n = 3).
Figure 5: Thixotropic loops at 25°C for Aqueous Cream B.P. formulations containing 15% w/w,
20% w/w, 25% w/w, 30% w/w, 40% w/w and 45% w/w emulsifying wax content.
Figure 6: Graph of mean thixotropic area against emulsifying wax content for Aqueous Cream at
25°C (n = 3).
Figure 7: Graph of mean yield stress against total wax content for Cream B formulations at 25°C
(n = 3).
Figure 8: Change in viscosity for Cream A (10% w/w beeswax content) over 3 months storage at
25°C and 40°C at a shear rate of 70 s-1 (n = 3).
Figure 9: Change in viscosity for Cream A (15% w/w beeswax content) over 3 months storage at
25°C and 40°C at a shear rate of 70 s-1 (n = 3).
Figure 10: Change in viscosity for Cream B (24% w/w total wax content) over 3 months storage at
25°C and 40°C at a shear rate of 20 s-1 (n = 3).
Figure 11: Change in viscosity for Cream B (26% w/w total wax content) over 3 months storage at
25°C and 40°C at a shear rate of 20 s-1 (n = 3).
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Figure 12: Change in viscosity for Aqueous Cream (25% w/w emulsifying wax content) over 3
months storage at 25°C and 40°C at a shear rate of 20 s-1 (n = 3).
Figure 13: Change in viscosity for Aqueous Cream (30% w/w emulsifying wax content) over 3
months storage at 25°C and 40°C at a shear rate of 20 s-1 (n = 3).
